
US 2015O157633A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2015/0157633 A1 

Lum et al. (43) Pub. Date: Jun. 11, 2015 

(54) WNT PROTEINSIGNALLING INHIBITORS Publication Classification 

(71) Applicant: The Board of Regents of the University (51) Int. Cl. 
of Texas System, Austin, TX (US) A 6LX3/59 (2006.01) 

A613 L/495 (2006.01) 
(72) Inventors: Lawrence Lum, Dallas, TX (US); A613 L/42 (2006.01) 

Michael Roth, Dallas, TX (US); Baozhi 3. 4." C 
Chen, Addison, TX (US); Michael A613 L/44 388 
Dodge, Boston, MA (US); Chuo Chen, A613 L/4439 (2006.01) 
Dallas, TX (US) A613 L/453 (2006.01) 

A613 L/353 (2006.01) 
A61K3I/444 (2006.01) 

(73) Assignee: The Board of Regents of the University A 6LX3/57 (2006.01) 
of Texas System, Austin, TX (US) (52) U.S. Cl. 

CPC ............. A6 IK3I/519 (2013.01); A61 K3I/444 
(21) Appl. No.: 14/400,001 (2013.01); A61 K3I/495 (2013.01); A61 K 

31/42 (2013.01); A61 K3I/4709 (2013.01); 
(22) PCT Filed: May 6, 2013 A61 K3I/517 (2013.01); A61K3I/44 

(2013.01); A61 K3I/4439 (2013.01); A61 K 
(86). PCT No.: PCT/US 13/39655 31/453 (2013.01); A61 K3I/353 (2013.01); 

S371 (c)(1) A61K 45/06 (2013.01) 
C s 

(2) Date: Nov. 10, 2014 (57) ABSTRACT - - - 
The present invention generally relates to protein signalling. 
In particular, compounds that inhibit the Wnt protein signal 

Related U.S. Application Data ling pathway are disclosed. Such compounds may be used in 
.S. App the treatment of Wnt protein signalling-related diseases and 

(60) Provisional application No. 61/645.924, filed on May conditions such as cancer, degenerative diseases, type II dia 
11, 2012. betes and osteopetrosis. 



US 201S/O157633 A1 Jun. 11, 2015 Sheet 1 of 11 Patent Application Publication 

g 

  

  

  



Patent Application Publication Jun. 11, 2015 Sheet 2 of 11 US 201S/O157633 A1 

FC DNA + 

Wnt EN i t . . . DNA sh EN. . . . 
CSR RNA Alkyny. At . . . 
R.S. . . . . P2: . "E. . . . . . . Cmpas So 

75- 37- STRE 
SREP R 

5. R 
50 

37 - 
(FC FC 

PROEN AUDON 

PROTEIN A LION FG. 2B 

FG. 2A 

  



Patent Application Publication Jun. 11, 2015 Sheet 3 of 11 US 201S/O157633 A1 

EK293 
DMSO 
WP2 (2.5i V) 

if 20% 

3. s 
OOOx es ... al 5 

g Ss, 

S- -- 

s 83x 
s 

& re s 
DSO 50M WP2 s 

FG. 3A 

14.0% 
120% 

g 100% 
80% 
60% 
40% 
20% 

3A. C. . . t s FBROBLASS 
WP2 - - - - - + FG. 3D 

ANA, ... + . . . . 

8 

BNA ... + 4 + + 
2: - - - - - 

s k 

  



US 201S/O157633 A1 2015 Sheet 4 of 11 . 11, Jun ion ion Publica Patent Applicat 

  

  

  

  

  



Patent Application Publication Jun. 11, 2015 Sheet 5 of 11 US 201S/O157633 A1 

PROTENAPLON 

FG. 4D 

: 

        

  

  



US 201S/O157633 A1 Jun. 11, 2015 Sheet 6 of 11 Patent Application Publication 

-19 '91-' 

(%)SOASW 
O 

H5) ONEOSO 

    

  

  



Patent Application Publication Jun. 11, 2015 Sheet 7 of 11 US 201S/O157633 A1 

O S-T) Cy3-0Su 
y ProNEt Nss 'N'sN 2 

O Cotta DMF, 23°C 

|WP-Cy3 

F.G. 6 

  



US 201S/O157633 A1 Jun. 11, 2015 Sheet 8 of 11 Patent Application Publication 

P2 W DMSO : 

fen-AycDNA O 

FG. 7A 

FG, 7B 

  



Patent Application Publication Jun. 11, 2015 Sheet 9 of 11 US 201S/O157633 A1 

s’s is -20 

SY fe SSY PS2-4) 
SSP 
SY PS4-53 S Šy 

FG. 8 

  



Patent Application Publication 

: 

Jun. 11, 2015 Sheet 10 of 11 US 201S/O157633 A1 

12 15 EC50=30 nM N 1.O 
O s' NH 8 

0.5 NS-S-s s 
OO 's O 2 
ssss e O O's "s"- Weg 

OGCYpd WP2 3 

LOGCmpd 

15 EC50=710 nM 1. 15 EC50=43 M O 10 H. y Cy- 1.O NS-SS O5 C NN 
OO 8 / WP5 O5 SNN H 

LOGompd 

16 t; EC50=15 nM 

Yo-Yo 
6 . s 
s WP12 

LOGCmpd LOGCmpd 

4. EC50=10 nM H2N 
710 nM 

) / "#, Co. ; (-)- Y 
0'ss's 'ss |WP18 O s s WP57 

LOGCmpd LOGCmpd 

FG. 9 

  

  



Patent Application Publication Jun. 11, 2015 Sheet 11 of 11 US 201S/O157633 A1 

SO 

R 

WP2 

F.G. 10 

  



US 2015/O157633 A1 

WNT PROTEIN SIGNALLING INHIBITORS 

0001. The present application claims benefit of priority to 
U.S. Provisional Application Ser. No. 61/645,924, filed May 
11, 2012, the entire contents of which are hereby incorporated 
by reference. 
0002 This invention was made with government support 
under grant number 5R21 HD061303 awarded by the 
National Institutes of Health. The government has certain 
rights in the invention. 

BACKGROUND OF THE INVENTION 

0003 1. Field of the Invention 
0004. The present invention generally relates to the fields 
of molecular biology and medicine. More particularly, it con 
cerns the discovery of compounds that inhibit Wnt-mediated 
signal transduction pathways, including the Wnt/B-catenin 
pathway. 
0005 2. Description of Related Art 
0006. The evolutionary elaboration of gene families in 
complex multicellular animals provides diverse instructive 
cellular cues based on single signaling modalities and safe 
guards against genetic insults. During development, mem 
bers of the Wnt family of signaling molecules—nineteen in 
all—contribute to almost all aspects of vertebrate develop 
ment through induction of unique and shared cellular 
responses (Angers and Moon, 2009; Van Amerongen and 
Nusse, 2009). In post-embryonic animals, their functions are 
essential to homeostatic tissue renewal and regeneration 
(Reya and Clevers, 2005). Similar to that of several other 
signal transduction pathways that have been shown to be 
important to cell fate decision-making, activity of the Wnt/B- 
catenin pathway maintains transcriptional programs that 
enable stem cells to retain their multi-potency (Cole et al., 
2008; Van der Flier et al., 2007). Inability to sustain these 
transcription programs, perhaps through loss of members of 
the TCF/LEF family of transcriptional effectors or the B-cate 
nin transcriptional co-activator, results in compromised abil 
ity of stem cells to self-renew (Cole et al., 2008; Fevret al., 
2007; Korinek et al., 1998; Muncan et al., 2007). 
0007 Pathological states that may arise from altered stem 
cell function, Such as degenerative diseases and cancer, are 
frequently associated with changes in Wnt/B-catenin path 
way activity. Indeed, hyperactivation of the Wnt/-catenin 
pathway is thought to induce premature senescence of stem 
cells and age-related loss of stem cell function (Brack et al., 
2007; Liu et al., 2007). In cancer, hyperactivation of the 
Wnt/B-catenin pathway, often in conjunction with mutations 
in other cell growth regulatory genes, can lead to aberrant cell 
growth (Reya and Clevers, 2005). Notably, 90% of colorectal 
cancers are initiated by the loss of the adenomatosis polyposis 
coli (APC) gene, a major suppressor of the Wnt/B-catenin 
pathway (Kinzler and Vogelstein, 1996: Sioblom et al., 2006). 
Less frequently, loss of extracellular inhibitors that normally 
Suppress Wnt protein function may give rise to Wnt ligand 
dependent tumors (Polakis, 2007). More recently, Wnt-me 
diated cellular responses that are not dependent upon B-cate 
nin (so called “non-canonical pathways have also been 
shown play important roles in cancer (Veeman et al., 2003). 
0008 Accordingly, identification of methods and com 
pounds that modulate the Wnt-dependent cellular responses 
may offer an avenue for therapeutic treatment of diseases 
associated with aberrant activity of these pathways. 
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SUMMARY OF THE INVENTION 

0009. The present invention generally provides com 
pounds and their use as Wnt protein signalling inhibitors. 
Also provided are methods of synthesis of these compounds 
and pharmaceutical compositions thereof. 
0010. Accordingly, in one aspect, the present invention 
provides a method of inhibiting Wnt protein signalling in a 
cell comprising administering to the cell an effective amount 
of a compound of formula: 

(II) 

0011 wherein: 
I0012 R is alkyls, or substituted alkyls; and 
(0013 Rio is aryles. Substituted aryles, heterocy 
cloalkylcs) or substituted heterocycloalkylcs: 

(III) 
N N 

21 2 

Cl SO O 

O- y K s -O 
(IV) 

|N- 

I0014) wherein R is alkoxys substituted alkoxy 
(cs, acylcs). Substituted acylcs, or heterocy 
cloalkyls or substituted heterocycloalkyls: 

(V) 

R3 
O R4 

Ol -- O. O N 
H 

2 

Rs 
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0015 wherein: (0022 Rs is alkylos Substituted alkylcs, aryl 
10016 Rs is acylcs. Substituted acylcs, heterocy- (cs or Substituted arylcs): 
cloalkyls or substituted heterocycloalkyls: 

I0017 R is hydrogen, alkyls, or substituted alkyl 
(Cs8); and (XI) 

10018 Rs alkyls or substituted alkyls: O 

S N 

" * - 1 - - CF 4. s^ 
O 

R9: 
O NN 

N 7 
le C ( ) NH N 

H 0023 wherein: 

(0024 Ro is acylcs, substituted acylcs, alkyl 
HO (cs. Substituted alkylcs) or 

(VII) 0025 heterocycloalkyl (Cs8) or substituted het 
erocycloalkyl (Cs8); or 

Ya 

4 N r (XII) 
Nu O 

O 
(VIII) N 

H O 1 - - 
C O --O YCH: N 1 Ol 

S N O O 1. 

O N-S 0026 or a pharmaceutically acceptable salt or tautomer 

HC Null- -C) thereof N S 
2 N N 

H H3C 0027. The compound may be further defined as: 
S. CN 

O HN CN 
CH3 

(X) W \ CH3 
O N 

Rs o CH 

S N1 S CN 
R6 H 

2 N N 

N S ~ Y O O 
O S HN CN 

/ CH 
R7: N \ 

o HC 

0019 wherein: S CN 

10020 R is hydrogen, alkyls, or substituted alkyl 
O (Cs8) 

(0021 R, is hydrogen, alkyls or substituted alkyl 
(Cs8); and 
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-continued 
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-continued 

CH3 

O O 

or a pharmaceutically acceptable salt or tautomer thereof. In 
some embodiments, the cell is invitro. In other embodiments, 
the cell is in vivo. In some embodiments, the method of 
inhibiting Wnt protein signalling is further defined as a 
method of inhibiting Wnt response or Wnt production. In 
some embodiments, the method further comprises one of the 
specific compounds described above. The method may fur 
ther comprise administering to said cell an inhibitor of a 
Tankyrase enzymes and/or a inhihitor of GSK-3B. 
0028 Methods of treatment are also contemplated by the 
present invention. Such methods may employ any com 
pounds of the compounds described herein. For example, 
Such methods may employ compounds of formulas described 
above and below. For example, the present invention contem 
plates a method of treating cancer in a patient comprising 
administering to the patient an effective amount of a com 
pound of formula (II)-(XII), or any of the particular com 
pounds set forth herein. For example, this includes any of the 
compounds disclosed in section III below, entitled “Wnt Pro 
tein Signalling Inhibitors.” 
0029. The cancer may be colorectal, breast, liver, lung, 
leukemia, pancreatic, renal, or prostate cancer. Methods of 
treating cancer may also further comprise administration of a 
chemotherapeutic, radiation therapy, immunotherapy, hor 
monetherapy, toxin therapy, or gene therapy: Such additional 
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methodologies are well-known in the art. Methods of admin 
istration may include intravenously, intradermally, intraarte 
rially, intraperitoneally, intralesionally, intracranially, 
intraarticularly, intraprostatically, intrapleurally, intratrache 
ally, intranasally, intravitreally, intravaginally, intrarectally, 
topically, intratumorally, intramuscularly, Subcutaneously, 
Subconjunctival, intravesicularly, mucosally, intrapericar 
dially, intraumbilically, intraocularally, orally, locally, via 
inhalation, via injection, via infusion, via continuous infu 
Sion, via localized perfusion bathing target cells directly, via 
a catheter, via a lavage, in cremes, in lipid compositions, or 
any combination thereof. Dosages may include, e.g., about 1 
ug/kg to about 100 mg/kg, or any range derivable therein. 
0030. In any method described herein, the compounds 
disclosed herein may be combined with a pharmaceutically 
acceptable carrier, diluent, and/or excipient in a pharmaceu 
tical composition. 
0031. As noted above, pharmaceutical compositions are 
contemplated by the present invention. In certain embodi 
ments, a pharmaceutical composition comprising a pharma 
ceutically acceptable carrier, diluent, and/or excipient and 
any one or more of the following compounds is contemplated: 

(II) 
HN CN 

0032 wherein: 
I0033 R is alkyls or substituted alkyls; and 

(0034 Rio is aryles, substituted arylcs, heterocy 
cloalkylcs) or substituted heterocycloalkylcs: 

(III) 
N N 

a a 

Cl O SO 
O O 

O 
(IV) 

N-N 

f N 

0.035 wherein R, is alkox , Substituted alkox 2 ycCs8) y 
(cs, acylcs, Substituted acylcs); heterocycloalkyl 
(cs or substituted heterocycloalkylcs: 
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R3 
O R4 

Ol luo O. O N 
H 

2 

Rs 

0036 wherein: 
I0037 Rs is acyles, substituted acylc's heterocy 
cloalkylzcs or substituted heterocycloalkyls: 

(V) 

I0038 R. is hydrogen, alkyls or substituted alkyl 
(Cs8): and 

I0039) Rs alkyls or substituted alkyls: 

(VI) 

CF 

(VII) 

O 

(VIII) 

C O 
O NCH, 

s N O 
H 

o-NH CH 
(IX) 

O N-S 
HC v--------- H3C N 

N CN 

O 
CH 
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-continued 
(X) 

O 

S -Rs 
R6 

2 N 

N -n- 
O S 

R7: 

0040 wherein: 
I0041) R is hydrogen, alkyls, or substituted alkyl 

(Cs8): 
I0042 R, is hydrogen, alkyls, or substituted alkyl 

(Cs8); and 

10043 Rs is alkyls substituted alkyls, aryl 
(cs) or Substituted arylcs): 

(XI) 
O 

S 
N 

C H 2 N 

N r 
O 

R9: 

0044 wherein: 
(0045 Ro is acylcs, substituted acylcs, alkylcs 

substituted alkyls heterocycloalkyls, or substi 
tuted heterocycloalkylcs); or 

co 
0046 or a pharmaceutically acceptable salt or tautomer 
thereof; or 

(XII) 

HN CN 

S CN 

( ) ( ) O 
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-continued 
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-continued 

ce. 
CH3, 

CH O 

s--- 
H3C H 

2 N N 

N s^ Y. 
O S 

, or 
O 

CH 
S N1 

HC H 
2 N N 

^^N. 
O S 

CH 

O 

S N 

H 
2 N 

N s^ 
O O 

O O 

occu 
or a pharmaceutically acceptable salt or tautomer thereof 
0047 Another general aspect of the present invention con 
templates a method of treating or preventing osteopetrosis in 
a patient comprising administering to the patient an effective 
amount of a compound disclosed herein. Such methods may 
further comprise administration of a second osteopetrosis 
treating agent or a second osteopetrosis-preventing agent. 
Administration of the compound of interest may take place 
via a route selected from the group consisting of intrave 
nously, intradermally, intraarterially, intraperitoneally, 
intralesionally, intracranially, intraarticularly, intranasally, 
topically, intramuscularly, Subcutaneously, intraumbilically, 
orally, locally, via inhalation, via injection, via infusion, via 
continuous infusion, via localized perfusion bathing target 
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cells directly, via a catheter, incremes, in lipid compositions, 
or any combination thereof. Dosage amounts may range 
between, for example, about 1 g/kg to about 100 mg/kg, or 
any range derivable therein. Treating may comprises slowing 
the onset or progression of osteoporosis. 
0048 Also contemplated by the present invention are 
methods of treating a degenerative disease in a patient com 
prising administering to the patient an effective amount of a 
compound disclosed herein. The degenerative disease may 
be, for example, type II diabetes or age-related impairment of 
tissue repair. Methods may further comprise administration 
of a second agent to treat the degenerative disease. Methods 
of administration may be selected from the group consisting 
of intravenously, intradermally, intraarterially, intraperito 
neally, intralesionally, intracranially, intraarticularly, intra 
prostatically, intrapleurally, intratracheally, intranasally, intra 
vitreally, intravaginally, intrarectally, topically, 
intramuscularly, Subcutaneously, Subconjunctival, intrave 
Sicularly, mucosally, intrapericardially, intraumbilically, 
intraocularally, orally, locally, via inhalation, via injection, 
via infusion, via continuous infusion, via localized perfusion 
bathing target cells directly, via a catheter, via a lavage, in 
cremes, in lipid compositions, or any combination thereof. 
Dosage amounts may range between, for example, about 1 
ug/kg to about 100 mg/kg, or any range derivable therein. 
0049. Also disclosed herein are methods of treating type II 
diabetes in a patient comprising administering to the patient 
an effective amount of a compound disclosed herein. Such 
methods may further comprise administration of a second 
agent to treat diabetes. Methods of administration may be 
selected from the group consisting of intravenously, intrad 
ermally, intraarterially, intraperitoneally, intralesionally, 
intracranially, intraarticularly, intraprostatically, intrapleu 
rally, intratracheally, intranasally, intravitreally, intravagi 
nally, intrarectally, topically, intramuscularly, Subcutane 
ously, Subconjunctival, intravesicularly, mucosally, 
intrapericardially, intraumbilically, intraocularally, orally, 
locally, via inhalation, via injection, via infusion, via continu 
ous infusion, via localized perfusion bathing target cells 
directly, via a catheter, via a lavage, incremes, in lipid com 
positions, or any combination thereof. Dosage amounts may 
range between, for example, about 1 g/kg to about 100 
mg/kg, or any range derivable therein. 
0050. It is specifically contemplated that any limitation 
discussed with respect to one embodiment of the invention 
may apply to any other embodiment of the invention. Further 
more, any composition of the invention may be used in any 
method of the invention, and any method of the invention may 
be used to produce or to utilize any composition of the inven 
tion. 
0051. Other objects, features and advantages of the 
present invention will become apparent from the following 
detailed description. It should be understood, however, that 
the detailed description and the specific examples, while indi 
cating preferred embodiments of the invention, are given by 
way of illustration only, since various changes and modifica 
tions within the spirit and scope of the invention will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.052 The following drawings form part of the present 
specification and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
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understood by reference to one or more of these drawings in 
combination with the detailed description of specific embodi 
ments presented herein. 
0053 FIGS. 1A-D. The IWP compounds directly attack 
Porcin. (FIG. 1A) Synthesis of a fluorescently-labeled Porcin 
inhibitor. The IWP2 molecule was modified with a linker and 
Cy3 adduct to generate the IWP-Cy3 fluorescently labeled 
probe. (FIG. 1B) IWPCy3 specifically binds to Porcin. Cos-1 
cells overexpressing Porcin or other members of the MBOAT 
family with recognized protein substrates (HHAT and GOAT) 
were treated with IWP-Cy3 and then gated for Cy3 staining 
Number of Cy3-positive cells in each experiment is normal 
ized to the Porcin overexpression sample (=100%). (FIG. 1C) 
A Porcin mutant with an altered putative active site residue 
(Porcn H335D) does not engage IWP-Cy3. Wild-type Porcin 
or Porcin H33.5D sequence fused to Gaussia luciferase DNA 
(to stabilize the Porcn H33.5D protein; see FIG. S2) was 
transfected into Cos1 cells and IWP-Cy3-association deter 
mined as before. Competition with unlabeled IWP2 serves as 
a specificity control for IWP-Cy3 binding. (FIG.1D) Expres 
sion of Porcin H335D-GL protein is not significantly affected 
by IWP2. Western blot analysis of wt and H33.5D Porcin in 
Cos1 cells in the presence or absence of IWP2. 
0054 FIGS. 2A-B. The IWP compounds specifically 
inhibit Porcin acyltransferase activity. (FIG. 2A) IWP2 inhib 
its Wnt fatty acylation. Cells transfected with an expression 
construct expressing either a fusion molecule consisting of 
Wnt3A and the Fc region of human IgG (Wnt3A-Fc) or 
IgG-Fc (Fc) alone are treated with C16 (D-alkynyl fatty acid 
(alkynyl-PA). Purified alkynyl-PA-labeled fusion protein 
bound to Protein A Sepharose is treated with biotin-azide 
reagent which enables protein detection using streptavidin 
HRP. RNAi-mediated knock-down or overexpression of 
Porcn respectively results in loss or increase in Wnt3A-Fc 
protein labeling with alkynyl-PA. IWP2 is able to block the 
labeling of Wnt3A. (FIG. 2B) IWP2 does not inhibit Hh fatty 
acylation. The same click chemistry strategy is used to moni 
tor fatty acylation of Hh protein. IWP2 does not block Hh 
labeling with alkynyl-PA. 
0055 FIGS. 3A-D. The IWP compounds target both 
B-catenin-dependent and -independent Wnt pathway 
responses. (FIG. 3A) IWP2 inhibits the secretion of Wnt1 
protein in embryonic kidneys. Urogenital systems from 
E11.5 mice expressing Wnt1-GFP were removed, bisected, 
and treated with IWP2 in vitro for 24 hours. Across section of 
ureteric bud (top panels) or the total organ (bottom) was 
analyzed for Wnt1-GFP expression in order to determine its 
localization and to visualize branching tissues, respectively. 
B-catenin staining is used here to reveal cellular boundaries 
(B-catenin bound to the B-cadherin cell-cell adhesion recep 
tor). (FIG. 3B) IWP2 inhibits the secretion of Wnt proteins 
regardless of their ability to induce transcriptional responses 
in HEK293 cells. The Secretion of several Wnt-GL fusion 
proteins introduced by DNA transfection into HEK293 cells 
was tested for sensitivity to IWP2 (top). In parallel, the ability 
of the same Wnt molecules lacking GL to activate Wnt/B- 
catenin pathway response as measured using the STF reporter 
was determined (bottom). Data are mean+SEM from three 
measurements. (FIG. 3C) Evidence that IWP2 inhibits the 
production of a non-canonical Wnt (Wnt5A). Antagonism of 
Wnt/B-catenin signaling by expression of Wnt5A in the pres 
ence or absence of IWP compound was determined in 
HEK293 cells transfected with the STF reporter and treated 
with Wnt3A-containing conditioned medium. STF activity 
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was normalized to the activity of a co-transfected control 
reporter. Data are mean+SEM from three measurements. P 
values for change from control response are indicated. (FIG. 
3D) IWP inhibits Wnt-dependent activation of Jnk. Mouse L 
fibroblasts transfected with Wnt7B DNA induce IWP-sensi 
tive phosphorylation of Jnk, a target of multiple B-catenin 
independent Wnt pathways. 
0056 FIGS. 4A-E. Diverse chemical scaffolds support 
Porcin inhibition by targeting the putative active site. (FIG. 
4A) DV12 phosphorylation status in HeLa cells reflects Porcin 
activity. IWP2 inhibits DV12 phosphorylation in HeLa cells 
indicating cell-autonomous Wnt-mediated signaling in these 
cells as previously described. (FIG. 4B) Identification of 
additional Porcin inhibitors. The IWP compound collection of 
Wnt/-catenin pathway inhibitors was tested for their ability 
to inhibit DV12phosphorylation in HeLa cells. The ratio of 
phosphorylated to unphosphorylated DV1 protein in cells 
treated with each IWP compound was determined by densi 
tometric analysis of Western blot results as shown in FIG. 4A. 
Compounds inhibiting 90% or more of Dv1 phosphorylation 
are labeled. (FIG. 4C) Shared chemical scaffolds yielding the 
most active IWP molecules. Compounds are clustered based 
on their similarity to IWP2 or shared chemical structures. 
ICso against Wnt/B-catenin pathway response as measured by 
STF is provided for at least one representative compound 
from each class. (FIG. 4D) Novel IWP compounds disrupt 
Wnt protein acylation. Wnt3A-Fc protein from cells treated 
with alkynyl-PA in the presence of indicated IWP compound 
or DMSO was subjected to an alkyne cycloaddition reaction 
to label fatty acylated Wnt3A with biotin. Biotinylated pro 
tein separated on SDS-PAGE was visualized with streptavi 
din HRP (FIG. 4E) Novel Porcin inhibitors likely bind 
directly to Porcin. The ability of indicated IWP compounds to 
compete for IWP-Cy3 binding to Porcn was determined as 
before. 

0057 FIGS. 5A-F. Concerted deployment of IWP and 
IWR compounds distinguishes 3-catenin-dependent and -in 
dependent responses in vivo. (FIG. 5A) Identification of an 
IWP compound with in vivo activity in zebrafish. IWP12 
inhibits the expression of an EGFP fluorescent protein 
reporter driven by synthetic TCF-binding elements in a trans 
genic line Tg.(7xTCF-X1a. Siam:GFP)ia4). An approxi 
mately 10 fold excess of IWP12 is equivalent in activity to 
IWR1 compound. Fluorescence intensity was quantified (be 
low) in an area that covers most of the posterior region (box). 
Data are mean+SEM from three animals. (FIG. 5B) IWR and 
IWP compounds inhibit Wnt signaling in Zebrafish primary 
embryonic fibroblasts. Embryonic fibroblasts isolated from 6 
hpf Tg.(7xTCF-X1a. Siam:GFP)ia4 embryos were cultured in 
the presence or absence of indicated compound. GFP expres 
sion was visualized 20 hrs later. (FIG.5C) IWP compounds 
inhibit tailfin regeneration, a Wnt-dependent process. Tailfins 
of Zebrafish larvae at 3 days post fertilization were resected 
and the larvae Subsequently reared in medium containing 
DMSO, IWR1 (10 uM), or IWP12 (50 uM) for an additional 
4 days. (FIG. 5D) IWP12 inhibits embryonic convergent 
extension by targeting B-catenin-independent Wnt signaling. 
Zebrafish embryos were treated with Gsk3? inhibitor (a Wnt/ 
B-catenin pathway activator), IWP12 compound, or both 
starting 4 hpf followed by whole mount in situ analysis at 24 
hpf with probes and the respective developmental structures 
they label indicated: hgg1 (cts11b) (prechordal plate (pcp)), 
int1 (prospective notochord (n) and germ ring blastopore mar 
gin), and d1X3b (anterior edge of the neural plate (np)). 
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Changes in the distance between the neural plates and pre 
chordal plates, as well as the notochord were quantified based 
upon the severity of the phenotype as represented. Number of 
animals examined under each condition is indicated above 
each plot. (FIG. 5E) Inactivation of Gsk33 rescues Wnt/B- 
catenin pathway activity in animals treated with IWP12. 
(FIG. 5F) Engrailed expression in the midbrain/hindbrain 
boundary (MHB) is suppressed by chemical inhibition of 
Porcin. Zebrafish embryos (4 hpf) treated with IWP 12 for 20 
hours were subjected to in situ analysis with a probe for 
engla. Number of animals examined in each condition is 
indicated within each plot. 
0058 FIG. 6. Synthetic scheme for IWP-Cy3. 
0059 FIGS. 7A-B. The activity of Porcin-Gaussia 
luciferase (GL) fusion proteins is a faithful reporter of Porcin 
function. (FIG.7A) Porcn-GL activity is similarly sensitive to 
mutations that influence activity of a Myc-epitope tagged 
Porcin protein. The indicated Porcin-GL and -Myc proteins 
were tested for their ability to counter the effects of IWP2 on 
Wnt/B-catenin pathway response as measured using the 
SuperTopFlash (STF) reporter in HEK293 cells. (FIG. 7B). 
Both Porcin-myc and Porcin-GL proteins exhibit a reticular, 
intracellular expression pattern consistent with previous 
assignment of Porcin localization to the ER. 
0060 FIG.8. Identification of novel IWP compounds that 
inhibit DV1 protein phosphorylation. HeLa cells treated with 
various IWP compounds identified by Chenetal. (2009) were 
analyzed by Western blotting for DV12 protein phosphoryla 
tion status to identify novel inhibitors of Wnt activity. 
0061 FIG. 9. Identification of potent inhibitors of Wnt 
activity. The potency of representative IWP compounds from 
different scaffold classes identified from using the DV1 pro 
tein phosphorylation assay was determined by further testing 
of Wnt/-catenin pathway inhibitory activity in L-Wnt-STF 
cells (Wnt3A-expressing L fibroblasts harboring the STF and 
a control reporter). 
0062 FIGS. 10. Dose-dependent effects of IWR1 and 
IWP12 on Wnt/B-catenin pathway response in Zebrafish 
embryos. The effects of Wnt pathway inhibitors added to 
aquarium water on the activity of the Wnt/B-catenin pathway 
reporter in the Tg.(7xTCF-X1a.Siam:GFP)ia4 fish were deter 
mined Fluorescence intensity of EGFP was quantified (below 
each image) in an area that covers most of the posterior region 
as before. Data are mean+SEM from three animals. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0063 Chemically-based strategies are ideally suited for 
studying the molecular basis of complex biological phenom 
ena given the potential of small molecules to overcome some 
of these limitations. Previously, the inventors described two 
classes of Small molecules that disengage Wnt-mediated 
responses (Chenet al., 2009). The Inhibitors of Wnt Response 
(IWR) compounds target the Tankyrase (Tnks) enzymes that 
regulate Axin protein turnover, scaffolding molecules in the 
B-catenin destruction complex (Chen et al., 2009: Huang and 
He, 2008). In the absence of Tnks activity, Axin proteins 
accumulate and accelerate the rate of B-catenin destruction. 
On the other hand, the Inhibitor of Wnt Production (IWP) 
compounds disrupt Wnt signaling by preventing Porcindepen 
dent lipidation of Wnt proteins. Porcin is the founding mem 
ber of the membrane bound Oacyltransferase (MBOAT) fam 
ily that consists of 16 family members (Yang et al., 2008). 
Likely due to their limited bioavailability, the IWP com 

Jun. 11, 2015 

pounds, unlike the IWR compounds, did not exhibit in vivo 
activity (Chen et al., 2009). Instead, IWP compounds have 
been extensively used in a variety of in vitro settings for tissue 
engineering and stem cell biology (Ren et al., 2011; Sato et 
al., 2011; ten Berge et al., 2011). 
0064. In order to expand the utility of Porcin inhibitors to 
include in vivo studies, the inventors have identified addi 
tional Porcin compounds from screening a small collection of 
Wnt pathway inhibitors with no previously assigned target. 
They demonstrate that all of these compounds directly 
engage Porcinat its putative active site thus revealing Porcinto 
be a highly druggable enzyme. Using one of these novel 
Porcin inhibitors (IWP12) in concert with other Wnt pathway 
modulators, the now provide evidence for a role of Wnt pro 
tein lipidation in promoting diverse Wnt-mediated responses 
in development and tissue regeneration, and establish a 
chemical toolkit for interrogating Wnt signaling mechanisms 
in these contexts. Small molecules that target Wnt-dependent 
signal transduction pathways reveal chemically-sensitive 
regulatory mechanisms within these signal transduction path 
way that may be exploited by pharmacological means for 
medical use, such as regenerative and anti-cancer therapy. 

I. THE WNT SIGNAL TRANSDUCTION PATHWAYS 

0065. The Wnt gene family encodes secreted ligand pro 
teins that serve key roles in differentiation and development. 
This family comprises at least 15 vertebrate and invertebrate 
genes including the Drosophila segment polarity gene wing 
less and one of its vertebrate homologues, integrated from 
which the Wnt name derives. As noted above, the Wnt pro 
teins appear to facilitate a number of developmental and 
homeostatic processes. 
0066. The Wnt signalling pathways comprises a number 
of proteins involved in the transduction of cellular responses 
to secreted Wnt/wingless signalling proteins. Wnt proteins 
that control “non-canonical pathways, such as the Wnt/cal 
cium and planar cell polarity pathways, induce cellular 
responses that are not dependent upon B-catenin. In the Wnt/ 
B-catenin pathway, the Frizzled receptor then activates 
Disheveled protein, which blocks the inhibiting action of 
Zeste-white-3 kinase (or GSK3? in vertebrates, Glycogen 
Synthase Kinase-3B) upon the Armadillo protein (a 3-catenin 
protein). The B-catenin protein transduces the Wnt signal 
from the cytoplasm to the nucleus. In the absence of Wnt 
signalling, B-catenin is constitutively degraded by the protea 
Some and can be found in a multimeric complex with con 
ductin (or axin). APC (Adenomatous Polyposis Coli) and 
GSK3f. APC mediates the binding off-catenin to conductin 
and serves to activate the conductin protein. Conductin acts as 
a scaffold to assemble the components of the degradation 
pathway of B-catenin. GSK3 B, a serine/threonine kinase, 
phosphorylates B-catenin, thus stimulating its degradation by 
the proteasome. 
0067. Upon Wnt signalling, GSK3f kinase is inactivated, 
leading to stabilization of the -catenin protein. B-Catenin is 
then released from the multimeric complex and translocates 
into the nucleus. Once in the nucleus, B-catenin interacts with 
the LEF/TCF (Lymphoid Enhancer Factor/T-Cell Factor) 
family of HMG (High Mobility Group) box transcription 
factors. The LEF/TCF factors are stimulated through interac 
tion with B-catenin to become potent transactivators of a 
number of genes including c-myc and cyclin Dl. 
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II. THERAPEUTIC IMPLICATIONS OF 
WNTCONTROLLED SIGNAL TRANSDUCTION 

PATHWAYS 

0068. As noted above, evidence suggests that targeting the 
Wnt-mediated signal transduction pathways would be thera 
peutically useful in a broad range of diseases (Barker and 
Clevers, 2006) (Veeman et al., 2003). Aged mice or mice that 
exhibit premature stem cell senescence that are treated with 
extracellular protein inhibitors of Wnt pathways exhibit 
improved regenerative capacity in various tissues (Brack et 
al., 2007; Liu et al., 2007). Mutations leading to constitutive 
activation of the Wnt pathway are critical events in a variety of 
human cancers including colon cancer, melanoma, hepato 
cellular carcinoma and others. The end result of constitutive 
activation of the Wnt/B-catenin pathway is a dramatic 
increase in the level of B-catenin protein in the cytoplasm. 
Inappropriate stabilization of -catenin, leading to increased 
levels of the protein, can be caused by mutations in a variety 
of proteins in the Wnt signalling pathway. Blockade of the 
Wnt/B-catenin pathway in a variety of cancers using either 
genetic or chemical approaches been shown to abrogate aber 
rant cell growth (Barker and Clevers, 2006). Furthermore, 
inhibition of this pathway may directly influence the cells that 
Sustain cancer cell growth and enable metastasis, and that are 
thought to be resistant to traditional chemotherapeutic agents 
(Ailles and Weissman, 2007). 
0069. The pervasive influence of the Wnt proteins in tissue 
homeostasis and tumorigenesis Suggests areas such as regen 
erative medicine and anti-cancer therapy may benefit from 
therapies that target this pathway. Achieving transient repres 
sion of pathological Wnt response without incurring perma 
nent damage to normal stem cell function is a key anticancer 
therapeutic goal. The inventors tested for the ability of 
Zebrafish to resume regenerative processes following a 
chemically induced blockade of fin regrowth. Fish with 
resected caudal fins that were bred in water containing IWR-1 
for 7 d were able to regenerate tissue to nearly normal levels 
after chemical removal, which Suggests that transient inhibi 
tion of Wnt/B-catenin response does not permanently alter the 
ability of stem cells to self-renew. 
0070 Aberrant Wnt-mediated pathway responses, sus 
tained by genetic changes that result either in altered Wnt 
ligand activity or in altered functioning of pathway regula 
tors, have been associated with a broad range of cancers. See 
Clevers, 2006 and Polakis, 2007, both of which are incorpo 
rated herein by reference. Notably, more than 90% of colorec 
tal cancer (CRC) tumors harbor a loss-of-function mutation 
in APC, a suppressor of the Wnt/B-catenin pathway. See 
Sjoblom et al., 2006, which is incorporated herein by refer 
ence. The ability of IWR compounds to stabilize Axin pro 
teins and induce B-catenin destruction even in the absence of 
normal APC protein function Suggests that they may block 
aberrant cell growth supported by hyperactivation of Wnt/B- 
catenin responses. 
0071 Indeed, IWR compounds are able to inhibit aberrant 
Wnt/B-catenin activity as a consequence of Apc loss in both 
mouse L cells (using Apc Small interfering RNAS) and 
DLD-1 colorectal cancer cells (that harbor a loss-of-function 
mutation in APC). The ability of IWR-3 to mimic the cell 
growth effects of B-catenin siRNAs in several cancer cell 
lines that exhibit differences in growth dependency on Wnt/ 
B-catenin pathway activity was also tested. Notably, IWR-3 
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mimicked the effects of b-catenin siRNAs on the growth of 
cells derived from cancers of the colon (DLD-1) and prostate 
(DU145) but not lung (H460), which suggests that IWR-3 
successfully targeted the Wnt/B-catenin pathway in these 
cells. Indeed, overexpression of b-catenin can overcome the 
effects of IWR-3 on DLD-1 cell growth. 
0072 Aberrant transcriptional induction of Wnt/B-catenin 
target genes is typically observed in CRC cells that harbor 
loss-of-function mutations in the APC tumor Suppressor. 
Consistent with the ability of IWR compounds to inhibit 
cancerous Wnt/B-catenin pathway responses, a decrease in 
the expression of Axin2 in DLD-1 cells after exposure to 
IWR-1 for 2 h was observed. Thus, Axin protein stability can 
be chemically controlled in order to suppress cancerous Wnt/ 
b-catenin activity, as demonstrated by IWR compounds. 

III. WNT PROTEIN SIGNALLING INHIBITORS 

0073. Accordingly, the present invention provides small 
molecules that inhibit the Wnt protein signalling pathway. 
These compounds are represented by the formulas: 

(II) 
HN CN 

0074 wherein: 
(0075 R is alkyls or substituted alkyls; and 
(0076 Rio is aryls substituted aryles heterocy 
cloalkylcs) or substituted heterocycloalkylcs: 

(III) 
N N 

a a 

Cl SO O 

O O 

O 

(IV) 
N-N 

f N C. 

wherein R2 is alkoxycs. Substituted alkoxycs, acylcs 
Substituted acylcs, heterocycloalkylcs) or substituted 
heterocycloalkylcs: 



US 2015/O157633 A1 Jun. 11, 2015 
10 

-continued 
(V) (X) 

R3 O 
O R4 

R 

Oulu. O O S 1's 
H R6 als N 

2 N - Y. 
R O S 
5 

wherein: R7: 

10077 Rs is acyls substituted acylcs, heterocy- 0080 wherein: 
cloalkyls or substituted heterocycloalkylcs: 10081) R is hydrogen, alkyls, or substituted alkyl 

0078 R is hydrogen, alkyls or substituted alkyl (C's 8): (C . and ydrog y(C-8) ky I0082) R, is hydrogen, alkyls or substituted alkyl 
s (c-s); and 

(0079 Rs alkyls, or substituted alkylcs: I0083) Rs is alkyls substituted alkyls, aryl 
(cs, or Substituted arylcs): 

(XI) 
(VI) 

CF O 

O S y N N 
H 

C NH N N - 
H 

( ) R9: 
HO 

(VII) 0084 wherein: 
C I0085 R. is acyls substituted acylcs, alkyl 

cs, substituted alkylos. heterocycloalkylcs) or 
A” substituted heterocycloalkylos); or 
Žn N r (XII) O H. O N- O 

O C l H 2 N 
N S 

(VIII) rol O 1. 
C 3: 

S N O 
NH h or a pharmaceutically acceptable salt or tautomer thereof. 

O- 3 Particular compounds include: 

(IX) HN CN 

O N-S W \ 
HC 

3. 2 sus J. C. N - H3C N CH 
N CN S CN 

O 
CH O O 
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-continued -continued 
HN CN 

( ) ( ) S CN 
O 

CH O 

H N N S ! 
le N Sk Os H3C H O \ 2 N 2N 

CH3, N s^ Y. 
O S 

N-N , or 

O 

CH S 3 N1 
H 

2 N N 

^^N. O 
O S 

CH 

O 

CH3 S N 

N H3C 4. - Y. 
O S 

CH3, 

N N 

le Sk O- O 
C O CH3 c H es 

O O 
O O 

O, 
O 

2 C N -- 2 N 

CH3 N S ~ 
O O 

HC1 No O CH3 
--- O O or a pharmaceutically acceptable salt or tautomer thereof 
H 0.086 All of these methods can be further modified and 

21 optimized using the principles and techniques of organic 
chemistry as applied by a person skilled in the art. Such 
principles and techniques are taught, for example, in March's 

O Advanced Organic Chemistry: Reactions, Mechanisms, and 
Structure (2007), which is incorporated by reference herein. 1n 

HC O O CH I0087 Compounds of the invention may contain one or 
1-0 O O more asymmetrically-substituted carbon or nitrogen atoms, 

and may be isolated in optically active or racemic form. Thus, 
2 all chiral, diastereomeric, racemic form, epimeric form, and 

all geometric isomeric forms of a structure are intended, 
CH3 unless the specific stereochemistry or isomeric form is spe 

cifically indicated. Compounds may occur as racemates and 

CH O 



US 2015/O157633 A1 

racemic mixtures, single enantiomers, diastereomeric mix 
tures and individual diastereomers. In some embodiments, a 
single diastereomer is obtained. The chiral centers of the 
compounds of the present invention can have the S or the R 
configuration. 
0088 Compounds of the invention may also have the 
advantage that they may be more efficacious than, be less 
toxic than, be longer acting than, be more potent than, pro 
duce fewer side effects than, be more easily absorbed than, 
and/or have a better pharmacokinetic profile (e.g., higher oral 
bioavailability and/or lower clearance) than, and/or have 
other useful pharmacological, physical, or chemical proper 
ties over, compounds known in the prior art, whether for use 
in the indications stated herein or otherwise. 
0089. In addition, atoms making up the compounds of the 
present invention are intended to include all isotopic forms of 
Such atoms. Isotopes, as used herein, include those atoms 
having the same atomic number but different mass numbers. 
By way of general example and without limitation, isotopes 
of hydrogen include tritium and deuterium, and isotopes of 
carbon include 'Cand C. Similarly, it is contemplated that 
one or more carbon atom(s) of a compound of the present 
invention may be replaced by a silicon atom(s). Furthermore, 
it is contemplated that one or more oxygen atom(s) of a 
compound of the present invention may be replaced by a 
Sulfur or selenium atom(s). 
0090 Compounds of the present invention may also exist 
in prodrug form. Since prodrugs are known to enhance 
numerous desirable qualities of pharmaceuticals (e.g., solu 
bility, bioavailability, manufacturing, etc.), the compounds 
employed in Some methods of the invention may, if desired, 
be delivered in prodrug form. Thus, the invention contem 
plates prodrugs of compounds of the present invention as well 
as methods of delivering prodrugs. Prodrugs of the com 
pounds employed in the invention may be prepared by modi 
fying functional groups present in the compound in Such a 
way that the modifications are cleaved, either in routine 
manipulation or in Vivo, to the parent compound. Accord 
ingly, prodrugs include, for example, compounds described 
herein in which a hydroxy, amino, or carboxy group is bonded 
to any group that, when the prodrug is administered to a 
Subject, cleaves to form a hydroxy, amino, or carboxylic acid, 
respectively. 
0091. It should be recognized that the particular anion or 
cation forming a part of any salt of this invention is not 
critical, so long as the salt, as a whole, is pharmacologically 
acceptable. Additional examples of pharmaceutically accept 
able salts and their methods of preparation and use are pre 
sented in Handbook of Pharmaceutical Salts. Properties, and 
Use (2002), which is incorporated herein by reference. 

IV. DEFINITIONS 

0092. As used herein, “Wnt protein signalling pathway’ 
refers to the pathways by which binding of the Wnt protein to 
extracellular receptors is either translated into the nucleus and 
results in transcriptional activation of a variety of genes, or 
otherwise results in biochemical changes that influence cell 
behavior. The Wnt protein signalling pathways involve a vari 
ety of proteins including Frizzled, Disheveled, Axin, APC, 
GSK3f6, B-catenin, LEF/TCF transcription factors, etc. Cells 
from many different species express homologs of the proteins 
involved in Wnt protein signalling pathways and accordingly 
have functionally equivalent Wnt protein signalling path 
ways. 
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0093. As used herein, a “Wnt protein signalling inhibitor 
is an organopharmaceutical (that is, a small organic mol 
ecule) that inhibits Wnt protein signalling activity. Wnt pro 
tein signalling inhibitors typically have a molecular weight of 
about 1000 g/mol or less. 
0094. As used herein, “a method of inhibiting Wnt 
response' refers to methods of inhibiting known biochemical 
events associated with production of functional Wnt proteins 
or with cellular responses to Wnt proteins. As discussed 
herein, Small organic molecules may inhibit Wnt response in 
accordance with this definition. 

0.095 When used in the context of a chemical group, 
“hydrogen' means —H; “hydroxy' means —OH: “oxo' 
means —O; “halo' means independently —F. —Cl, —Br or 
—I: "amino” means —NH; “hydroxyamino” means 
—NHOH: “nitro” means —NO; imino means —NH; 
“cyano' means —CN; "isocyanate” means —N=C=O; 
“azido” means —N; in a monovalent context “phosphate' 
means —OP(O)(OH) or a deprotonated form thereof; in a 
divalent context “phosphate” means —OP(O)(OH)O or a 
deprotonated form thereof; “mercapto' means —SH; and 
“thio” means =S; "sulfonyl” means —S(O) ; and "sulfi 
nyl' means —S(O)—. 
0096. In the context of chemical formulas, the symbol 
“ ” means a single bond, “—” means a double bond, and 
=” means triple bond. The symbol “----' represents an 

optional bond, which if present is either single or double. The 
symbol “” represents a single bond or a double bond. 
Thus, for example, the structure 

includes the structures 

OOOO. O. 
0097. As will be understood by a person of skill in the art, 
no one Such ring atom forms part of more than one double 
bond. The symbol “M, when drawn perpendicularly 
across a bond indicates a point of attachment of the group. It 
is noted that the point of attachment is typically only identi 
fied in this manner for larger groups in order to assist the 
reader in rapidly and unambiguously identifying a point of 
attachment. The symbol"- means a single bond where the 
group attached to the thick end of the wedge is “out of the 
page.” The symbol “...it’ means a single bond where the 
group attached to the thick end of the wedge is “into the 
page'. The symbol “M,” means a single bond where the 
conformation (e.g., either R or S) or the geometry is unde 
fined (e.g., either E or Z). 
0098. Any undefined valency on an atom of a structure 
shown in this application implicitly represents a hydrogen 
atom bonded to the atom. When a group “R” is depicted as a 
“floating group' on a ring system, for example, in the for 
mula: 
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1N 
R-t 

2 

then R may replace any hydrogen atom attached to any of the 
ring atoms, including a depicted, implied, or expressly 
defined hydrogen, so long as a stable structure is formed. 
When a group “R” is depicted as a “floating group' on a fused 
ring system, as for example in the formula: 

then R may replace any hydrogen attached to any of the ring 
atoms of either of the fused rings unless specified otherwise. 
Replaceable hydrogens include depicted hydrogens (e.g., the 
hydrogen attached to the nitrogen in the formula above), 
implied hydrogens (e.g., a hydrogen of the formula above that 
is not shown but understood to be present), expressly defined 
hydrogens, and optional hydrogens whose presence depends 
on the identity of a ring atom (e.g., a hydrogen attached to 
group X, when X equals —CH-), so long as a stable struc 
ture is formed. In the example depicted, R may reside on 
either the 5-membered or the 6-membered ring of the fused 
ring system. In the formula above, the subscript letter “y” 
immediately following the group “R” enclosed in parenthe 
ses, represents a numeric variable. Unless specified other 
wise, this variable can be 0, 1, 2, or any integer greater than 2, 
only limited by the maximum number of replaceable hydro 
gen atoms of the ring or ring system. 
0099 For the groups and classes below, the following 
parenthetical Subscripts further define the group/class as fol 
lows: “(Cn) defines the exact number (n) of carbon atoms in 
the group/class. "(Csn)' defines the maximum number (n) of 
carbon atoms that can be in the group/class, with the mini 
mum number as Small as possible for the group in question, 
e.g., it is understood that the minimum number of carbon 
atoms in the group "alkenylcs” or the class "alkenecs” is 
two. For example, "alkoxyclo" designates those alkoxy 
groups having from 1 to 10 carbonatoms (e.g., 1, 2, 3, 4, 5, 6, 
7, 8, 9, or 10, or any range derivable therein (e.g., 3 to 10 
carbon atoms). (Cn-n') defines both the minimum (n) and 
maximum number (n') of carbon atoms in the group. Simi 
larly, "alkylc2-lo” designates those alkyl groups having 
from 2 to 10 carbon atoms (e.g., 2, 3, 4, 5, 6,7,8,9, or 10, or 
any range derivable therein (e.g., 3 to 10 carbon atoms)). 
0100. The term “saturated” as used herein means the com 
pound or group so modified has no carbon-carbon double and 
no carbon-carbon triple bonds, except as noted below. The 
term does not preclude carbon-heteroatom multiple bonds, 
for example a carbon oxygen double bond or a carbon nitro 
gen double bond. Moreover, it does not preclude a carbon 
carbon double bond that may occur as part of keto-enoltau 
tomerism or iminefenamine tautomerism. 
0101. The term “aliphatic” when used without the “sub 
stituted” modifier signifies that the compound/group so modi 
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fied is an acyclic or cyclic, but non-aromatic hydrocarbon 
compound or group. In aliphatic compounds/groups, the car 
bonatoms can be joined together in Straight chains, branched 
chains, or non-aromatic rings (alicyclic). Aliphatic com 
pounds/groups can be saturated, that is joined by single bonds 
(alkanes/alkyl), or unsaturated, with one or more double 
bonds (alkenes/alkenyl) or with one or more triple bonds 
(alkynes/alkynyl). When the term “aliphatic' is used without 
the “substituted” modifier only carbon and hydrogen atoms 
are present. When the term is used with the “substituted 
modifier one or more hydrogenatom has been independently 
replaced by —OH, - F. —Cl, —Br. —I, NH, NO, 
—COH,-COCH, —CN, -SH, —OCH —OCHCH 
- C(O)CH, N(CH), C(O)NH, OC(O)CH, or 
—S(O)NH2. 
0102) The term “alkyl” when used without the “substi 
tuted modifier refers to a monovalent saturated aliphatic 
group with a carbonatom as the point of attachment, a linear 
or branched, cyclo, cyclic or acyclic structure, and no atoms 
other than carbon and hydrogen. Thus, as used herein 
cycloalkyl is a subset of alkyl. The groups —CH (Me), 
—CHCH (Et), —CHCHCH (n-Pr), —CH(CH), (iso 
Pr), —CH(CH) (cyclopropyl), —CH2CH2CHCH (n-Bu), 
—CH(CH)CHCH (sec-butyl), —CHCH(CH), (iso-bu 
tyl), —C(CH) (tert-butyl), —CHC(CH) (neo-pentyl), 
cyclobutyl, cyclopentyl, cyclohexyl, and cyclohexylmethyl 
are non-limiting examples of alkyl groups. The term 
“alkanediyl when used without the “substituted” modifier 
refers to a divalent saturated aliphatic group, with one or two 
saturated carbon atom(s) as the point(s) of attachment, a 
linear or branched, cyclo, cyclic or acyclic structure, no car 
bon-carbon double or triple bonds, and no atoms other than 
carbon and hydrogen. The groups, —CH2— (methylene), 
—CH2CH2—, —CHC(CH)CH , —CH2CHCH . 
and 

are non-limiting examples of alkanediyl groups. The term 
“alkylidene' when used without the “substituted” modifier 
refers to the divalent group —CRR' in which R and R' are 
independently hydrogen, alkyl, or RandR' are taken together 
to represent an alkanediyl having at least two carbon atoms. 
Non-limiting examples of alkylidenegroups include:=CH2. 
—CH(CHCH), and —C(CH). When any of these terms is 
used with the “substituted modifier one or more hydrogen 
atom has been independently replaced by —OH, - F. —Cl, 

Br. —I, NH, NO. —COH, -COCH, —CN, 
—SH, —OCH —OCHCH, —C(O)CH, N(CH), 
- C(O)NH, OC(O)CH, or—S(O)NH2. The following 
groups are non-limiting examples of substituted alkyl groups: 
- CH-OH, -CHC1, -CF – CHCN, -CHC(O)OH, 
—CHC(O)OCH, -CHC(O)NH2, —CHC(O)CH, 
—CHOCH, -CHOC(O)CH, CH-NH, CHN 
(CH), and —CH2CHC1. The term “haloalkyl is a subset 
of substituted alkyl, in which one or more hydrogenatoms has 
been Substituted with a halo group and no other atoms aside 
from carbon, hydrogen and halogen are present. The group, 
—CH2C1 is a non-limiting examples of a haloalkyl. An 
“alkane' refers to the compound H-R, wherein R is alkyl. 
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The term “fluoroalkyl is a subset of substituted alkyl, in 
which one or more hydrogen has been substituted with a 
fluoro group and no other atoms aside from carbon, hydrogen 
and fluorine are present. The groups, —CHF, —CF, and 
—CHCF are non-limiting examples of fluoroalkyl groups. 
An “alkane' refers to the compound H-R, wherein R is 
alkyl. 
(0103) The term “alkenyl' when used without the “substi 
tuted modifier refers to an monovalent unsaturated aliphatic 
group with a carbonatom as the point of attachment, a linear 
or branched, cyclo, cyclic or acyclic structure, at least one 
nonaromatic carbon-carbon double bond, no carbon-carbon 
triple bonds, and no atoms other than carbon and hydrogen. 
Non-limiting examples of alkenyl groups include: 
-CH=CH (vinyl), -CH=CHCH-CH=CHCHCH 
—CH-CH=CH (allyl), —CH-CH=CHCH, and 
—CH=CH-CHs. The term “alkenediyl when used with 
out the “substituted” modifier refers to a divalent unsaturated 
aliphatic group, with two carbon atoms as points of attach 
ment, a linear or branched, cyclo, cyclic or acyclic structure, 
at least one nonaromatic carbon-carbon double bond, no car 
bon-carbon triple bonds, and no atoms other than carbon and 
hydrogen. The groups, —CH=CH , —CH=C(CH) 
CH , —CH=CHCH , and 

y As7. 
are non-limiting examples of alkenediyl groups. When these 
terms are used with the “substituted” modifier one or more 
hydrogen atom has been independently replaced by —OH, 

F. —Cl, —Br. —I, NH, NO, COH, -COCH, 
—CN, -SH, OCH, OCHCH - C(O)CH, 
- N(CH), C(O)NH, OC(O)CH, or - S(O)NH2. 
The groups, -CH=CHF, -CH=CHCland-CH=CHBr, 
are non-limiting examples of Substituted alkenyl groups. An 
“alkene' refers to the compound H-R, wherein R is alkenyl. 
0104. The term “alkynyl” when used without the “substi 
tuted modifier refers to an monovalent unsaturated aliphatic 
group with a carbonatom as the point of attachment, a linear 
or branched, cyclo, cyclic or acyclic structure, at least one 
carbon-carbon triple bond, and no atoms other than carbon 
and hydrogen. As used herein, the term alkynyl does not 
preclude the presence of one or more non-aromatic carbon 
carbon double bonds. The groups, —C=CH, -C=CCH 
and —CH2C=CCH are non-limiting examples of alkynyl 
groups. When alkynyl is used with the “substituted” modifier 
one or more hydrogen atom has been independently replaced 
by —OH, - F. —Cl, —Br. —I, NH, NO. —COH, 
—COCH, CN, -SH, OCH –OCHCH, C(O) 
CH, -N(CH), C(O)NH2. - OC(O)CH, or -S(O) 
NH. An “alkyne” refers to the compound H-R, wherein R 

is alkynyl. 
0105. The term “aryl” when used without the “substi 
tuted modifier refers to a monovalent unsaturated aromatic 
group with an aromatic carbon atom as the point of attach 
ment, said carbon atom forming part of a one or more six 
membered aromatic ring structure, wherein the ring atoms are 
all carbon, and wherein the group consists of no atoms other 
than carbon and hydrogen. If more than one ring is present, 
the rings may be fused or unfused. As used herein, the term 
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does not preclude the presence of one or more alkyl group 
(carbon number limitation permitting) attached to the first 
aromatic ring or any additional aromatic ring present. Non 
limiting examples of aryl groups include phenyl (Ph), meth 
ylphenyl, (dimethyl)phenyl, —CHCH-CH (ethylphenyl), 
naphthyl, and the monovalent group derived from biphenyl. 
The term “arenediyl when used without the “substituted 
modifier refers to a divalent aromatic group, with two aro 
matic carbon atoms as points of attachment, said carbon 
atoms forming part of one or more six-membered aromatic 
ring structure(s) wherein the ring atoms are all carbon, and 
wherein the monovalent group consists of no atoms other than 
carbon and hydrogen. As used herein, the term does not 
preclude the presence of one or more alkyl group (carbon 
number limitation permitting) attached to the first aromatic 
ring or any additional aromatic ring present. If more than one 
ring is present, the rings may be fused or unfused. Non 
limiting examples of arenediyl groups include: 

When these terms are used with the “substituted” modifier 
one or more hydrogen atom has been independently replaced 
by —OH, - F. —Cl. —Br. —I, NH, NO, COH, 
- COCH –CN, -SH, OCH –OCHCH, C(O) 
CH, -N(CH), —C(O)NH —OC(O)CH, or - S(O) 
NH. An “arene' refers to the compound H R, wherein Ris 

aryl. 
0106. The term “aralkyl” when used without the “substi 
tuted modifier refers to the monovalent group -alkanediyl 
aryl, in which the terms alkanediyl and aryl are each used in 
a manner consistent with the definitions provided above. 
Non-limiting examples of aralkyls are: phenylmethyl (ben 
Zyl, Bn) and 2-phenyl-ethyl. When the term is used with the 
“substituted modifier one or more hydrogen atom from the 
alkanediyl and/or the aryl has been independently replaced by 
OH, - F. —Cl, —Br. —I, NH, NO. —COH, 

- COCH –CN, -SH, OCH –OCHCH, C(O) 
CH, -N(CH), —C(O)NH —OC(O)CH, or - S(O) 
NH. Non-limiting examples of substituted aralkyls are: 
(3-chlorophenyl)-methyl, and 2-chloro-2-phenyl-eth-1-yl. 
0107 The term “heteroaryl” when used without the “sub 
stituted modifier refers to a monovalent aromatic group with 
an aromatic carbon atom or nitrogen atom as the point of 
attachment, said carbon atom or nitrogen atom forming part 
of one or more aromatic ring structures wherein at least one of 



US 2015/O157633 A1 

the ring atoms is nitrogen, oxygen or Sulfur, and wherein the 
heteroaryl group consists of no atoms other than carbon, 
hydrogen, aromatic nitrogen, aromatic oxygen and aromatic 
Sulfur. As used herein, the term does not preclude the presence 
of one or more alkyl, aryl, and/or aralkyl groups (carbon 
numberlimitation permitting) attached to the aromatic ring or 
aromatic ring system. If more than one ring is present, the 
rings may be fused or unfused. Non-limiting examples of 
heteroaryl groups include furanyl, imidazolyl, indolyl, inda 
Zolyl (Im), isoxazolyl, methylpyridinyl, oxazolyl, phenylpy 
ridinyl, pyridinyl, pyrrolyl pyrimidinyl, pyrazinyl, quinolyl, 
quinazolyl, quinoxalinyl, triazinyl, tetrazolyl, thiazolyl, thie 
nyl, and triazolyl. The term "heteroarenediyl when used 
without the “substituted” modifier refers to an divalent aro 
matic group, with two aromatic carbon atoms, two aromatic 
nitrogen atoms, or one aromatic carbon atom and one aro 
matic nitrogen atom as the two points of attachment, said 
atoms forming part of one or more aromatic ring structure(s) 
wherein at least one of the ring atoms is nitrogen, oxygen or 
Sulfur, and wherein the divalent group consists of no atoms 
other than carbon, hydrogen, aromatic nitrogen, aromatic 
oxygen and aromatic Sulfur. As used herein, the term does not 
preclude the presence of one or more alkyl, aryl, and/or 
aralkyl groups (carbon number limitation permitting) 
attached to the aromatic ring or aromatic ring system. If more 
than one ring is present, the rings may be fused or unfused. 
Non-limiting examples of heteroarenediyl groups include: 

N 

\ / s 

and 

When these terms are used with the “substituted” modifier 
one or more hydrogen atom has been independently replaced 
by —OH, - F. —Cl, —Br. —I, NH, NO. —COH, 
—COCH, CN, -SH, OCH —OCHCH, C(O) 
CH, -N(CH), C(O)NH2. - OC(O)CH, or -S(O) 
NH. 
0108. The term “heterocycloalkyl” when used without the 
“substituted” modifier refers to a monovalent non-aromatic 
group with a carbon atom or nitrogen atom as the point of 
attachment, said carbon atom or nitrogen atom forming part 
of one or more non-aromatic ring structures wherein at least 
one of the ring atoms is nitrogen, oxygen or Sulfur, and 
wherein the heterocycloalkyl group consists of no atoms 
other than carbon, hydrogen, nitrogen, oxygen and Sulfur. As 
used herein, the term does not preclude the presence of one or 
more alkyl groups (carbon number limitation permitting) 
attached to the ring or ring system. If more than one ring is 
present, the rings may be fused or unfused. Non-limiting 
examples of heterocycloalkyl groups include aziridinyl, aze 
tidinyl, pyrrolidinyl, piperidinyl, piperazinyl, morpholinyl, 
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thiomorpholinyl, tetrahydrofuranyl, tetrahydrothiofuranyl, 
tetrahydropyranyl, and pyranyl. When the term "heterocy 
cloalkyl used with the “substituted” modifier one or more 
hydrogen atom has been independently replaced by —OH, 

F. —Cl, —Br. —I, NH, NO. —COH, -COCH, 
—CN, -SH, OCH –OCHCH, -C(O)CH, 
- N(CH), C(O)NH, OC(O)CH, or - S(O)NH2. 
0109. The term “acyl” when used without the “substi 
tuted modifier refers to the group —C(O)R, in which R is a 
hydrogen, alkyl, aryl, aralkyl or heteroaryl, as those terms are 
defined above. The groups, —CHO,-COO)CH (acetyl. Ac), 
—C(O)CHCH, C(O)CHCHCH, C(O)CH(CH), C(O) 
CH(CH), C(O)CHs, C(O)CHCH. —C(O)CHCHs. 
—C(O)(imidazolyl) are non-limiting examples of acyl 
groups. A “thioacyl is defined in an analogous manner, 
except that the oxygen atom of the group —C(O)R has been 
replaced with a sulfur atom, C(S)R. When either of these 
terms are used with the “substituted” modifier one or more 
hydrogen atom (including the hydrogen atom directly 
attached the carbonyl or thiocarbonyl group) has been inde 
pendently replaced by —OH, - F - C1, —Br. —I, NH, 
—NO, COH, -COCH, —CN. —SH, —OCH, 
–OCHCH, C(O)CH, N(CH), C(O)NH - OC 
(O)CH, or —S(O)NH2. The groups, —C(O)CHCF, 
—COH (carboxyl), —COCH (methylcarboxyl), 
—COCHCH. —C(O)NH. (carbamoyl), and —CON 
(CH), are non-limiting examples of substituted acyl groups. 
0110. The term “alkoxy” when used without the “substi 
tuted” modifier refers to the group —OR, in which R is an 
alkyl, as that term is defined above. Non-limiting examples of 
alkoxy groups include: —OCH (methoxy), —OCHCH 
(ethoxy), —OCH2CHCH —OCH(CH) (isopropoxy), 
—OCH(CH), —O-cyclopentyl, and —O-cyclohexyl. The 
terms “alkenyloxy”, “alkynyloxy”, “aryloxy”, “aralkoxy’, 
"heteroaryloxy’, and “acyloxy’, when used without the “sub 
stituted modifier, refers to groups, defined as —OR, in which 
R is alkenyl, alkynyl, aryl, aralkyl, heteroaryl, and acyl, 
respectively. The term “alkoxydiyl refers to the divalent 
group —O-alkanediyl-, -O-alkanediyl-O-, or -alkanediyl 
O-alkanediyl-. The term “alkylthio’ and “acylthio' when 
used without the “substituted modifier refers to the group 
—SR, in which R is an alkyland acyl, respectively. When any 
of these terms is used with the “substituted” modifier one or 
more hydrogen atom has been independently replaced by 
OH, - F. —Cl, —Br. —I, NH, NO. —COH, 

- COCH –CN, -SH, OCH –OCHCH, C(O) 
CH, -N(CH), C(O)NH2. - OC(O)CH, or - S(O) 
NH. The term “alcohol” corresponds to an alkane, as 
defined above, wherein at least one of the hydrogenatoms has 
been replaced with a hydroxy group. 
0111. The term “alkylamino” when used without the “sub 
stituted modifier refers to the group —NHR, in which Risan 
alkyl, as that term is defined above. Non-limiting examples of 
alkylamino groups include: —NHCH and —NHCHCH. 
The term “dialkylamino” when used without the “substi 
tuted modifier refers to the group —NRR", in which RandR 
can be the same or different alkyl groups, or R and R' can be 
taken together to represent an alkanediyl. Non-limiting 
examples of dialkylamino groups include: —N(CH), 
- N(CH)(CHCH), and N-pyrrolidinyl. The terms 
“alkoxyamino”, “alkenylamino”, “alkynylamino”, “ary 
lamino”, “aralkylamino”, “heteroarylamino', and “alkylsul 
fonylamino” when used without the “substituted” modifier, 
refers to groups, defined as —NHR, in which R is alkoxy, 
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alkenyl, alkynyl, aryl, aralkyl, heteroaryl, and alkylsulfonyl, 
respectively. A non-limiting example of an arylamino group 
is —NHCHs. The term "amido” (acylamino), when used 
without the “substituted modifier, refers to the group 
—NHR, in which R is acyl, as that term is defined above. A 
non-limiting example of an amido group is —NHC(O)CH. 
The term “alkylimino” when used without the “substituted 
modifier refers to the divalent group —NR, in which R is an 
alkyl, as that term is defined above. The term “alkylamin 
odiyl refers to the divalent group —NH-alkanediyl-, - NH 
alkanediyl-NH , or -alkanediyl-NH-alkanediyl-. When any 
of these terms is used with the “substituted” modifier one or 
more hydrogen atom has been independently replaced by 
OH, - F. —Cl, —Br. —I, NH, NO, COH, 

—COCH, CN, -SH, OCH –OCHCH, C(O) 
CH, -N(CH), —C(O)NH —OC(O)CH, or -S(O) 
NH. The groups - NHC(O)OCH and NHC(O)NHCH 
are non-limiting examples of Substituted amido groups. 
0112 The term “alkylphosphate' when used without the 
“substituted” modifier refers to the group – OP(O)(OH) 
(OR), in which R is an alkyl, as that term is defined above. 
Non-limiting examples of alkylphosphate groups include: 
–OP(O)(OH)(OMe) and OP(O)(OH)(OEt). The term 
“dialkylphosphate' when used without the “substituted 
modifier refers to the group – OP(O)(OR)(OR), in which R 
and R' can be the same or different alkyl groups, or R and R' 
can be taken together to representanalkanediyl. Non-limiting 
examples of dialkylphosphate groups include: —OP(O) 
(OMe), —OP(O)(OEt)(OMe) and OP(O)(OEt). When 
any of these terms is used with the “substituted modifier one 
or more hydrogen atom has been independently replaced by 
OH, - F. —Cl, —Br. —I, NH, NO, COH, 

—COCH, CN, -SH, OCH –OCHCH, C(O) 
CH, -N(CH), C(O)NH2. - OC(O)CH, or -S(O) 
NH. 
0113. The terms “alkylsulfonyl' and “alkylsulfinyl' when 
used without the “substituted” modifier refers to the groups 
—S(O)R and —S(O)R, respectively, in which R is an alkyl, 
as that term is defined above. The terms “alkenylsulfonyl', 
“alkynylsulfonyl', 'arylsulfonyl', “aralkylsulfonyl', and 
"heteroarylsulfonyl', are defined in an analogous manner. 
When any of these terms is used with the “substituted modi 
fier one or more hydrogen atom has been independently 
replaced by —OH, - F. —Cl, —Br. —I, NH, NO, 
—COH,-COCH, —CN, -SH, OCH —OCHCH 
—C(O)CH, N(CH), C(O)NH, OC(O)CH, or 
—S(O)NH2. 
0114. As used herein, a “chiral auxiliary” refers to a 
removable chiral group that is capable of influencing the 
stereoselectivity of a reaction. Persons of skill in the art are 
familiar with Such compounds, and many are commercially 
available. 

0115 The use of the word “a” or “an, when used in 
conjunction with the term "comprising in the claims and/or 
the specification may mean “one.” but it is also consistent 
with the meaning of “one or more.” “at least one.” and “one or 
more than one.” 
0116. Throughout this application, the term “about is 
used to indicate that a value includes the inherent variation of 
error for the device, the method being employed to determine 
the value, or the variation that exists among the study Sub 
jects. 
0117. The terms “comprise.” “have” and “include” are 
open-ended linking verbs. Any forms or tenses of one or more 
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of these verbs, such as “comprises.” “comprising.” “has.” 
“having.” “includes” and “including.” are also open-ended. 
For example, any method that “comprises.” “has or 
“includes one or more steps is not limited to possessing only 
those one or more steps and also covers other unlisted steps. 
0118. The term “effective, as that term is used in the 
specification and/or claims, means adequate to accomplish a 
desired, expected, or intended result. “Effective amount.” 
“Therapeutically effective amount’ or “pharmaceutically 
effective amount” when used in the context of treating a 
patient or subject with a compound means that amount of the 
compound which, when administered to a subject or patient 
for treating a disease, is sufficient to effect such treatment for 
the disease. 
0119 The term “hydrate' when used as a modifier to a 
compound means that the compound has less than one (e.g., 
hemihydrate), one (e.g., monohydrate), or more than one 
(e.g., dihydrate) water molecules associated with each com 
pound molecule. Such as in Solid forms of the compound. 
0.120. As used herein, the term “ICso refers to an inhibi 
tory dose which is 50% of the maximum response obtained. 
This quantitative measure indicates how much of a particular 
drug or other substance (inhibitor) is needed to inhibit a given 
biological, biochemical or chemical process (or component 
of a process, i.e. an enzyme, cell, cell receptor or microorgan 
ism) by half. 
I0121. An "isomer of a first compound is a separate com 
pound in which each molecule contains the same constituent 
atoms as the first compound, but where the configuration of 
those atoms in three dimensions differs. 
I0122. As used herein, the term “patient’ or “subject’ 
refers to a living mammalian organism, Such as a human, 
monkey, cow, sheep,goat, dog, cat, mouse, rat, guinea pig, or 
transgenic species thereof. In certain embodiments, the 
patient or Subject is a primate. Non-limiting examples of 
human Subjects are adults, juveniles, infants and fetuses. 
I0123. As generally used herein “pharmaceutically accept 
able' refers to those compounds, materials, compositions, 
and/or dosage forms which are, within the scope of Sound 
medical judgment, Suitable for use in contact with the tissues, 
organs, and/or bodily fluids of human beings and animals 
without excessive toxicity, irritation, allergic response, or 
other problems or complications commensurate with a rea 
sonable benefit/risk ratio. 
0.124 “Pharmaceutically acceptable salts' means salts of 
compounds of the present invention which are pharmaceuti 
cally acceptable, as defined above, and which possess the 
desired pharmacological activity. Such salts include acid 
addition salts formed with inorganic acids such as hydrochlo 
ric acid, hydrobromic acid, Sulfuric acid, nitric acid, phos 
phoric acid, and the like; or with organic acids such as 1.2- 
ethanedisulfonic acid, 2-hydroxyethanesulfonic acid, 
2-naphthalenesulfonic acid, 3-phenylpropionic acid, 4,4'- 
methylenebis(3-hydroxy-2-ene-1-carboxylic acid), 4-meth 
ylbicyclo2.2.2]oct-2-ene-1-carboxylic acid, acetic acid, ali 
phatic mono- and dicarboxylic acids, aliphatic Sulfuric acids, 
aromatic Sulfuric acids, benzenesulfonic acid, benzoic acid, 
camphorsulfonic acid, carbonic acid, cinnamic acid, citric 
acid, cyclopentanepropionic acid, ethanesulfonic acid, 
fumaric acid, glucoheptonic acid, gluconic acid, glutamic 
acid, glycolic acid, heptanoic acid, hexanoic acid, hydrox 
ynaphtholic acid, lactic acid, laurylsulfuric acid, maleic acid, 
malic acid, malonic acid, mandelic acid, methanesulfonic 
acid, muconic acid, o-(4-hydroxybenzoyl)benzoic acid, 
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oxalic acid, p-chlorobenzenesulfonic acid, phenyl-Substi 
tuted alkanoic acids, propionic acid, p-toluenesulfonic acid, 
pyruvic acid, Salicylic acid, Stearic acid, Succinic acid, tartaric 
acid, tertiarybutylacetic acid, trimethylacetic acid, and the 
like. Pharmaceutically acceptable salts also include base 
addition salts which may be formed when acidic protons 
present are capable of reacting with inorganic or organic 
bases. Acceptable inorganic bases include Sodium hydroxide, 
Sodium carbonate, potassium hydroxide, aluminum hydrox 
ide and calcium hydroxide. Acceptable organic bases include 
ethanolamine, diethanolamine, triethanolamine, 
tromethamine, N-methylglucamine and the like. It should be 
recognized that the particular anion orcation forming apart of 
any salt of this invention is not critical, so long as the salt, as 
a whole, is pharmacologically acceptable. Additional 
examples of pharmaceutically acceptable salts and their 
methods of preparation and use are presented in Handbook of 
Pharmaceutical Salts. Properties, and Use (P. H. Stahl & C. 
G. Wermuth eds., Verlag Helvetica Chimica Acta, 2002). 
0.125. The term “pharmaceutically acceptable carrier, as 
used herein means a pharmaceutically-acceptable material, 
composition or vehicle. Such as a liquid or Solid filler, diluent, 
excipient, solvent or encapsulating material, involved in car 
rying or transporting a chemical agent. 
0126 “Prevention” or “preventing” includes: (1) inhibit 
ing the onset of a disease in a Subject or patient which may be 
at risk and/or predisposed to the disease but does not yet 
experience or display any or all of the pathology or symp 
tomatology of the disease, and/or (2) slowing the onset of the 
pathology or symptomatology of a disease in a subject or 
patient which may beat risk and/or predisposed to the disease 
but does not yet experience or display any or all of the pathol 
ogy or symptomatology of the disease. 
0127 “Prodrug” means a compound that is convertible in 
Vivo metabolically into an inhibitor according to the present 
invention. The prodrug itself may or may not also have activ 
ity with respect to a given target protein. For example, a 
compound comprising a hydroxy group may be administered 
as an ester that is converted by hydrolysis in vivo to the 
hydroxy compound. Suitable esters that may be converted in 
Vivo into hydroxy compounds include acetates, citrates, lac 
tates, phosphates, tartrates, malonates, oxalates, Salicylates, 
propionates, succinates, fumarates, maleates, methylene-bis 
B-hydroxynaphthoate, gentisates, isethionates, di-p-toluoyl 
tartrates, methanesulfonates, ethanesulfonates, benzene 
Sulfonates, p-toluenesulfonates, cyclohexylsulfamates, 
quinates, esters of amino acids, and the like. Similarly, a 
compound comprising an amine group may be administered 
as an amide that is converted by hydrolysis in vivo to the 
amine compound. 
0128. A “repeat unit is the simplest structural entity of 
certain materials, for example, frameworks and/or polymers, 
whether organic, inorganic or metal-organic. In the case of a 
polymer chain, repeat units are linked together Successively 
along the chain, like the beads of a necklace. For example, in 
polyethylene, ——CH2CH2—, , the repeat unit is 
—CHCH . The subscript “n” denotes the degree of poly 
merization, that is, the number of repeat units linked together. 
When the value for “n” is left undefined or where “n” is 
absent, it simply designates repetition of the formula within 
the brackets as well as the polymeric nature of the material. 
The concept of a repeat unit applies equally to where the 
connectivity between the repeat units extends three dimen 
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sionally, Such as in metal organic frameworks, modified poly 
mers, thermosetting polymers, etc. 
I0129. A “stereoisomer' or “optical isomer' is an isomer of 
a given compound in which the same atoms are bonded to the 
same other atoms, but where the configuration of those atoms 
in three dimensions differs. "Enantiomers' are stereoisomers 
of a given compound that are mirror images of each other, like 
left and right hands. “Diastereomers' are stereoisomers of a 
given compound that are not enantiomers. Chiral molecules 
contain a chiral center, also referred to as a stereocenter or 
Stereogenic center, which is any point, though not necessarily 
an atom, in a molecule bearing groups such that an inter 
changing of any two groups leads to a stereoisomer. In 
organic compounds, the chiral center is typically a carbon, 
phosphorus or Sulfur atom, though it is also possible for other 
atoms to be stereocenters in organic and inorganic com 
pounds. A molecule can have multiple stereocenters, giving it 
many stereoisomers. In compounds whose stereoisomerism 
is due to tetrahedral stereogenic centers (e.g., tetrahedral car 
bon), the total number of hypothetically possible stereoiso 
mers will not exceed 2n, where n is the number of tetrahedral 
stereocenters. Molecules with symmetry frequently have 
fewer than the maximum possible number of stereoisomers. 
A 50:50 mixture of enantiomers is referred to as a racemic 
mixture. Alternatively, a mixture of enantiomers can be enan 
tiomerically enriched so that one enantiomer is present in an 
amount greater than 50%. Typically, enantiomers and/or dias 
teromers can be resolved or separated using techniques 
known in the art. It is contemplated that that for any stereo 
center or axis of chirality for which stereochemistry has not 
been defined, that stereocenter or axis of chirality can be 
present in its R form, S form, or as a mixture of the R and S 
forms, including racemic and non-racemic mixtures. As used 
herein, the phrase “substantially free from other stereoiso 
mers' means that the composition contains s15%, more pref 
erably s10%, even more preferably s5%, or most preferably 
s1% of another stereoisomer(s). 
I0130 “Substituent convertible to hydrogen in vivo” 
means any group that is convertible to a hydrogen atom by 
enzymological or chemical means including, but not limited 
to, hydrolysis and hydrogenolysis. Examples include hydro 
lyZable groups, such as acyl groups, groups having an oxy 
carbonyl group, amino acid residues, peptide residues, o-ni 
trophenylsulfenyl, trimethylsilyl, tetrahydropyranyl. 
diphenylphosphinyl, and the like. Examples of acyl groups 
include formyl, acetyl, trifluoroacetyl, and the like. Examples 
of groups having an oxycarbonyl group include ethoxycarbo 
nyl, tert-butoxycarbonyl ( C(O)OC(CH)), benzyloxycar 
bonyl, p-methoxybenzyloxycarbonyl, vinyloxycarbonyl, 
B-(p-toluenesulfonyl)ethoxycarbonyl, and the like. Suitable 
amino acid residues include, but are not limited to, residues of 
Gly (glycine), Ala (alanine), Arg (arginine), Asn (asparagine), 
Asp (aspartic acid), Cys (cysteine), Glu (glutamic acid), His 
(histidine), Ile (isoleucine), Leu (leucine), Lys (lysine), Met 
(methionine), Phe (phenylalanine), Pro (proline), Ser 
(serine), Thr (threonine), Trp (tryptophan), Tyr (tyrosine), Val 
(valine), Nva (norvaline), Hse (homoserine), 4-Hyp (4-hy 
droxyproline), 5-Hyl (5-hydroxylysine), Orn (ornithine) and 
B-Ala. Examples of suitable amino acid residues also include 
amino acid residues that are protected with a protecting 
group. Examples of Suitable protecting groups include those 
typically employed in peptide synthesis, including acyl 
groups (such as formyl and acetyl), arylmethoxycarbonyl 
groups (such as benzyloxycarbonyl and p-nitrobenzyloxycar 
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bonyl), tert-butoxycarbonyl groups ( C(O)OC(CH)), and 
the like. Suitable peptide residues include peptide residues 
comprising two to five amino acid residues. The residues of 
these amino acids or peptides can be present in Stereochemi 
cal configurations of the D-form, the L-form or mixtures 
thereof. In addition, the amino acid or peptide residue may 
have an asymmetric carbon atom. Examples of Suitable 
amino acid residues having an asymmetric carbon atom 
include residues of Ala, Leu, Phe, Trp, Nva, Val, Met, Ser, 
Lys, Thr and Tyr. Peptide residues having an asymmetric 
carbon atom include peptide residues having one or more 
constituentamino acid residues having an asymmetric carbon 
atom. Examples of Suitable amino acid protecting groups 
include those typically employed in peptide synthesis, 
including acyl groups (such as formyl and acetyl), aryl 
methoxycarbonyl groups (such as benzyloxycarbonyl and 
p-nitrobenzyloxycarbonyl), tert-butoxycarbonyl groups 
( C(O)OC(CH)), and the like. Other examples of substitu 
ents “convertible to hydrogen in vivo’ include reductively 
eliminable hydrogenolyzable groups. Examples of Suitable 
reductively eliminable hydrogenolyzable groups include, but 
are not limited to, arylsulfonyl groups (such as o-toluene 
sulfonyl); methyl groups substituted with phenyl or benzy 
loxy (Such as benzyl, trity1 and benzyloxymethyl); aryl 
methoxycarbonyl groups (such as benzyloxycarbonyl and 
o-methoxy-benzyloxycarbonyl); and haloethoxycarbonyl 
groups (such as B. B. B-trichloroethoxycarbonyl and B-iodoet 
hoxycarbonyl). 
0131 "Treatment” or “treating includes (1) inhibiting a 
disease in a Subject or patient experiencing or displaying the 
pathology or symptomatology of the disease (e.g., arresting 
further development of the pathology and/or symptomatol 
ogy), (2) ameliorating a disease in a Subject or patient that is 
experiencing or displaying the pathology or symptomatology 
of the disease (e.g., reversing the pathology and/or symp 
tomatology), and/or (3) effecting any measurable decrease in 
a disease in a Subject or patient that is experiencing or dis 
playing the pathology or symptomatology of the disease. 
0132 Modifications or derivatives of the compounds, 
agents, and active ingredients disclosed throughout this 
specification are contemplated as being useful with the meth 
ods and compositions of the present invention. Derivatives 
may be prepared and the properties of such derivatives may be 
assayed for their desired properties by any method known to 
those of skill in the art, such as methods described herein. 
0133. In certain aspects, “derivative' refers to a chemi 
cally-modified compound that still retains the desired effects 
of the compound prior to the chemical modification. A “Wnt 
protein signalling inhibitor derivative, therefore, refers to a 
chemically modified Wnt protein signalling inhibitor that still 
retains the desired effects of the parent Wnt protein signalling 
inhibitor prior to its chemical modification. Such effects may 
be enhanced (e.g., slightly more effective, twice as effective, 
etc.) or diminished (e.g., slightly less effective, 2-fold less 
effective, etc.) relative to the parent Wnt protein signalling 
inhibitor, but may still be considered a Wnt protein signalling 
inhibitor derivative. Such derivatives may have the addition, 
removal, or Substitution of one or more chemical moieties on 
the parent molecule. Non-limiting examples of the types of 
modifications that can be made to the compounds and struc 
tures disclosed herein include the addition or removal of 
lower unsubstituted alkyls such as methyl, ethyl, propyl, or 
Substituted lower alkyls such as hydroxymethyl or aminom 
ethyl groups; carboxyl groups and carbonyl groups; 
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hydroxyls; nitro, amino, amide, imide, and azo groups; Sul 
fate, Sulfonate, Sulfono, Sulfhydryl, Sulfenyl, Sulfonyl, Sul 
foxido, Sulfonamide, phosphate, phosphono, phosphoryl 
groups, and halide Substituents. Additional modifications can 
include an addition or a deletion of one or more atoms of the 
atomic framework, for example, Substitution of an ethyl by a 
propyl, or Substitution of a phenyl by a larger or Smaller 
aromatic group. Alternatively, in a cyclic orbicyclic structure, 
heteroatoms such as N, S, or O can be substituted into the 
structure instead of a carbon atom. 
0.134 Prodrugs and solvates of the compounds of the 
present invention are also contemplated herein. The term 
“prodrug. as used herein, is understood as being a compound 
which, upon administration to a Subject, Such as a mammal, 
undergoes chemical conversion by metabolic or chemical 
processes to yield a compound any of the formulas herein, or 
a salt and/or solvate thereof. Solvates of the compounds of the 
present invention are preferably hydrates. 
I0135. As used herein, “protecting group' refers to a moi 
ety attached to a functional group to prevent an otherwise 
unwanted reaction of that functional group. The term “func 
tional group' generally refers to how persons of skill in the art 
classify chemically reactive groups. Examples of functional 
groups includehydroxyl, amine, Sulfhydryl, amide, carboxyl, 
carbonyl, etc. Protecting groups are well-known to those of 
skill in the art. Non-limiting exemplary protecting groups fall 
into categories such as hydroxy protecting groups, amino 
protecting groups, sulfhydryl protecting groups and carbonyl 
protecting groups. Such protecting groups may be found in 
Greene and Wuts, 1999, incorporated herein by reference in 
its entirety. The Wnt protein signalling inhibitors described 
herein are also contemplated as protected by one or more 
protecting groups—that is, the inhibitors are contemplated in 
their “protected form.” 
0.136 Compounds of the present invention may contain 
one or more asymmetric centers and thus can occur as race 
mates and racemic mixtures, single enantiomers, diastereo 
meric mixtures and individual diastereomers. In certain 
embodiments, a single diastereomer is present. All possible 
Stereoisomers of the compounds of the present invention are 
contemplated as being within the scope of the present inven 
tion. However, in certain aspects, particular diastereomers are 
contemplated. The chiral centers of the compounds of the 
present invention can have the S- or the R-configuration, as 
defined by the IUPAC 1974 Recommendations. In certain 
aspects, certain compounds of the present invention may 
comprise S- or R-configurations at particular carbon centers. 
0.137 Synthetic techniques that may be used to prepare 
certain compounds of the present invention are provided in 
the Examples section. Other synthetic techniques to prepare 
compounds of the present invention as well as derivatives are 
well-known to those of skill in the art. For example, Smith and 
March, 2001 discuss a wide variety of synthetic transforma 
tions, reaction conditions, and possible pitfalls relating 
thereto. Methods discussed therein may be adapted to prepare 
compounds of the present invention from commerically avail 
able starting materials. 
0.138 Solvent choices for preparing compounds of the 
present invention will be known to one of ordinary skill in the 
art. Solvent choices may depend, for example, on which 
one(s) will facilitate the solubilizing of all the reagents or, for 
example, which one(s) will best facilitate the desired reaction 
(particularly when the mechanism of the reaction is known). 
Solvents may include, for example, polar solvents and non 
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polar solvents. Solvents choices include, but are not limited 
to, tetrahydrofuran, dimethylformamide, dimethylsulfoxide, 
dioxane, methanol, ethanol, hexane, methylene chloride and 
acetonitrile. More than one solvent may be chosen for any 
particular reaction or purification procedure. Water may also 
be admixed into any solvent choice. Further, water, such as 
distilled water, may constitute the reaction medium instead of 
a solvent. 
0139 Persons of ordinary skill in the art will be familiar 
with methods of purifying compounds of the present inven 
tion. One of ordinary skill in the art will understand that 
compounds of the present invention can generally be purified 
at any step, including the purification of intermediates as well 
as purification of the final products. In preferred embodi 
ments, purification is performed via silica gel column chro 
matography or HPLC. 
0140. In view of the above definitions, other chemical 
terms used throughout this application can be easily under 
stood by those of skill in the art. Terms may be used alone or 
in any combination thereof. 
0141. The above definitions supersede any conflicting 
definition in any of the reference that is incorporated by 
reference herein. The fact that certain terms are defined, how 
ever, should not be considered as indicative that any term that 
is undefined is indefinite. Rather, all terms used are believed 
to describe the invention in terms such that one of ordinary 
skill can appreciate the scope and practice the present inven 
tion. 

V. PHARMACEUTICAL FORMULATIONS AND 
ROUTES FORADMINISTRATION 

0142 Pharmaceutical compositions of the present inven 
tion comprise an effective amount of one or more candidate 
Substances (e.g., a Wnt protein signalling inhibitor) or addi 
tional agents dissolved or dispersed in a pharmaceutically 
acceptable carrier. The phrases “pharmaceutical or pharma 
cologically acceptable' refers to molecular entities and com 
positions that do not produce an adverse, allergic or other 
untoward reaction when administered to an animal. Such as, 
for example, a human, as appropriate. The preparation of a 
pharmaceutical composition that contains at least one candi 
date substance or additional active ingredient will be known 
to those of skill in the art in light of the present disclosure, as 
exemplified by Remington's Pharmaceutical Sciences, 18th 
Ed. Mack Printing Company, 1990, incorporated herein by 
reference. Moreover, for animal (e.g., human) administration, 
it will be understood that preparations should meet sterility, 
pyrogenicity, general safety and purity standards as required 
by FDA Office of Biological Standards. 
0143. As used herein, “pharmaceutically acceptable car 
rier includes any and all solvents, dispersion media, coat 
ings, Surfactants, antioxidants, preservatives (e.g., antibacte 
rial agents, antifungal agents), isotonic agents, absorption 
delaying agents, salts, preservatives, drugs, drug stabilizers, 
gels, binders, excipients, disintegration agents, lubricants, 
Sweetening agents, flavoring agents, dyes, such like materials 
and combinations thereof, as would be known to one of ordi 
nary skill in the art (see, for example, Remington’s Pharma 
ceutical Sciences, pp 1289-1329, 1990). Except insofar as 
any conventional carrier is incompatible with the active ingre 
dient, its use in the therapeutic or pharmaceutical composi 
tions is contemplated. 
0144. The candidate substance may comprise different 
types of carriers depending on whetherit is to be administered 
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in solid, liquid or aerosol form, and whether it needs to be 
sterile for Such routes of administration as injection. Com 
pounds of the present invention may be administered orally, 
intraadiposally, intraarterially, intraarticularly, intracranially, 
intradermally, intralesionally, intramuscularly, intranasally, 
intraocularally, intrapericardially, intraperitoneally, intra 
pleurally, intraprostatically, intrarectally, intrathecally, 
intratracheally, intratumorally, intraumbilically, intravagi 
nally, intravenously, intravesicularly, intravitreally, liposo 
mally, locally, mucosally, orally, parenterally, rectally, Sub 
conjunctival, Subcutaneously, Sublingually, topically, 
transbuccally, transdermally, vaginally, in cremes, in lipid 
compositions, via a catheter, via a lavage, via continuous 
infusion, via infusion, via inhalation, via injection, via local 
delivery, via localized perfusion, bathing target cells directly, 
or by other method or any combination of the foregoing as 
would be known to one of ordinary skill in the art (see, for 
example, Remington's Pharmaceutical Sciences, 1990). In 
particular embodiments, the composition may be formulated 
for oral delivery. Pharmaceutical compositions comprising a 
compound of the present invention are also contemplated, and 
Such compositions may be adapted for administration via any 
method knownto those of skill in the art, such as the methods 
described above. 
0145. In particular embodiments, the composition is 
administered to a Subject using a drug delivery device. Any 
drug delivery device is contemplated for use in delivering a 
pharmaceutically effective amount of a Wnt protein signal 
ling inhibitor. 
0146 The actual dosage amount of a composition of the 
present invention administered to an animal patient can be 
determined by physical and physiological factors such as 
body weight, severity of condition, the type of disease being 
treated, previous or concurrent therapeutic interventions, idi 
opathy of the patient and on the route of administration. The 
practitioner responsible for administration will typically 
determine the concentration of active ingredient(s) in a com 
position and appropriate dose(s) for the individual Subject. 
0147 The dose can be repeated as needed as determined 
by those of ordinary skill in the art. Thus, in some embodi 
ments of the methods set forth herein, a single dose is con 
templated. In other embodiments, two or more doses are 
contemplated. Where more than one dose is administered to a 
subject, the time interval between doses can be any time 
interval as determined by those of ordinary skill in the art. For 
example, the time interval between doses may be about 1 hour 
to about 2 hours, about 2 hours to about 6 hours, about 6 hours 
to about 10 hours, about 10 hours to about 24 hours, about 1 
day to about 2 days, about 1 week to about 2 weeks, or longer, 
or any time interval derivable within any of these recited 
ranges. 

0.148. In certain embodiments, it may be desirable to pro 
vide a continuous Supply of a pharmaceutical composition to 
the patient. This could be accomplished by catheterization, 
followed by continuous administration of the therapeutic 
agent, for example. The administration could be intra-opera 
tive or post-operative. 
0149. In certain embodiments, pharmaceutical composi 
tions may comprise, for example, at least about 0.1% of a Wnt 
protein signalling inhibitor. In other embodiments, the Wnt 
protein signalling inhibitor may comprise between about 2% 
to about 75% of the weight of the unit, or between about 25% 
to about 60%, for example, and any range derivable therein. In 
other non-limiting examples, a dose may also comprise from 
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about 1 microgram/kg/body weight, about 5 microgram/kg/ 
body weight, about 10 microgram/kg/body weight, about 50 
microgram/kg/body weight, about 100 microgram/kg/body 
weight, about 200 microgram/kg/body weight, about 350 
microgram/kg/body weight, about 500 microgram/kg/body 
weight, about 1 milligram/kg/body weight, about 5 milli 
gram/kg/body weight, about 10 milligram/kg/body weight, 
about 50 milligram/kg/body weight, about 100 milligram/kg/ 
body weight, about 200 milligram/kg/body weight, about 350 
milligram/kg/body weight, about 500 milligram/kg/body 
weight, to about 1000 mg/kg/body weight or more per admin 
istration, and any range derivable therein. In non-limiting 
examples of a derivable range from the numbers listed herein, 
a range of about 5 mg/kg/body weight to about 100 mg/kg/ 
body weight, about 5 microgram/kg/body weight to about 
500 milligram/kg/body weight, etc., can be administered, 
based on the numbers described above. 
0150. In any case, the composition may comprise various 
antioxidants to retard oxidation of one or more component. 
Additionally, the prevention of the action of microorganisms 
can be brought about by preservatives Such as various anti 
bacterial and antifungal agents, including but not limited to 
parabens (e.g., methylparabens, propylparabens), chlorobu 
tanol, phenol, Sorbic acid, thimerosal, or combinations 
thereof. 
0151. The Wnt protein signalling inhibitor may be formu 
lated into a composition, such as a pharmaceutical composi 
tion, in a free base, neutral, or salt form. Pharmaceutically 
acceptable salts are described herein. 
0152. In embodiments where the composition is in a liquid 
form, a carrier can be a solvent or dispersion medium com 
prising but not limited to, water, ethanol, polyol (e.g., glyc 
erol, propylene glycol, liquid polyethylene glycol, etc.), lip 
ids (e.g., triglycerides, vegetable oils, liposomes) and 
combinations thereof. The proper fluidity can be maintained, 
for example, by the use of a coating, such as lecithin; by the 
maintenance of the required particle size by dispersion in 
carriers such as, for example liquid polyol or lipids; by the use 
of Surfactants such as, for example hydroxypropylcellulose; 
or combinations thereofsuch methods. It may be preferable to 
include isotonic agents. Such as, for example, Sugars, sodium 
chloride, or combinations thereof. 
0153. In other embodiments, one may use eye drops, nasal 
Solutions or sprays, aerosols or inhalants in the present inven 
tion. Such compositions are generally designed to be com 
patible with the target tissue type. In a non-limiting example, 
nasal Solutions are usually aqueous Solutions designed to be 
administered to the nasal passages in drops or sprayS. Nasal 
Solutions are prepared so that they are similar in many 
respects to nasal Secretions, so that normal ciliary action is 
maintained. Thus, in certain embodiments the aqueous nasal 
Solutions usually are isotonic or slightly buffered to maintain 
a pH of about 5.5 to about 6.5. In addition, antimicrobial 
preservatives, similar to those used in ophthalmic prepara 
tions, drugs, or appropriate drug stabilizers, if required, may 
be included in the formulation. For example, various com 
mercial nasal preparations are known and include drugs such 
as antibiotics or antihistamines. 

0154. In certain embodiments the candidate substance is 
prepared for administration by Such routes as oral ingestion. 
In these embodiments, the Solid composition may comprise, 
for example, Solutions, Suspensions, emulsions, tablets, pills, 
capsules (e.g., hard or soft shelledgelatin capsules), Sustained 
release formulations, buccal compositions, troches, elixirs, 
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Suspensions, syrups, wafers, or combinations thereof. Oral 
compositions may be incorporated directly with the food of 
the diet. In certain embodiments, carriers for oral administra 
tion comprise inert diluents (e.g., glucose, lactose, or manni 
tol), assimilable edible carriers or combinations thereof. In 
other aspects of the invention, the oral composition may be 
prepared as a syrup or elixir. A syrup or elixir, and may 
comprise, for example, at least one active agent, a Sweetening 
agent, a preservative, a flavoring agent, a dye, a preservative, 
or combinations thereof. 

0.155. In certain embodiments an oral composition may 
comprise one or more binders, excipients, disintegration 
agents, lubricants, flavoring agents, or combinations thereof. 
In certain embodiments, a composition may comprise one or 
more of the following: a binder, such as, for example, gum 
tragacanth, acacia, cornstarch, gelatin or combinations 
thereof, an excipient, such as, for example, dicalcium phos 
phate, mannitol, lactose, starch, magnesium Stearate, sodium 
saccharine, cellulose, magnesium carbonate or combinations 
thereof: a disintegrating agent, such as, for example, corn 
starch, potato starch, alginic acid or combinations thereof a 
lubricant, such as, for example, magnesium Stearate; a Sweet 
ening agent. Such as, for example, Sucrose, lactose, Saccharin 
or combinations thereof: a flavoring agent. Such as, for 
example peppermint, oil of wintergreen, cherry flavoring, 
orange flavoring, etc.; or combinations thereof the foregoing. 
When the dosage unit form is a capsule, it may contain, in 
addition to materials of the above type, carriers such as a 
liquid carrier. Various other materials may be present as coat 
ings or to otherwise modify the physical form of the dosage 
unit. For instance, tablets, pills, or capsules may be coated 
with shellac, Sugar, or both. 
0156 Sterile injectable solutions may be prepared by 
incorporating a compound of the present invention in the 
required amount in the appropriate solvent with various of the 
other ingredients enumerated above, as required, followed by 
filtered sterilization. Generally, dispersions are prepared by 
incorporating the various sterilized active ingredients into a 
sterile vehicle which contains the basic dispersion medium 
and/or the other ingredients. In the case of sterile powders for 
the preparation of sterile injectable solutions, Suspensions or 
emulsion, certain methods of preparation may include 
vacuum-drying or freeze-drying techniques which yield a 
powder of the active ingredient plus any additional desired 
ingredient from a previously sterile-filtered liquid medium 
thereof. The liquid medium should be suitably buffered if 
necessary and the liquid diluent (e.g., water) first rendered 
isotonic prior to injection with Sufficient saline or glucose. 
The preparation of highly concentrated compositions for 
direct injection is also contemplated, where the use of DMSO 
as solvent is envisioned to result in extremely rapid penetra 
tion, delivering high concentrations of the active agents to a 
Small area. 

0157. The composition should be stable under the condi 
tions of manufacture and storage, and preserved against the 
contaminating action of microorganisms, such as bacteria and 
fungi. It will be appreciated that endotoxin contamination 
should be kept minimally at a safe level, for example, less that 
0.5 ng/mg protein. 
0158. In particular embodiments, prolonged absorption of 
an injectable composition can be brought about by the use in 
the compositions of agents delaying absorption, such as, for 
example, aluminum monostearate, gelatin, or combinations 
thereof. 
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VI. COMBINATION THERAPY 

0159. In order to enhance or increase the effectiveness of a 
Wnt protein signalling inhibitor of the present invention, the 
inhibitor may be combined with another therapy, such as 
another agent that combats and/or prevents cancer, osteo 
petrosis, a degenerative disease, or type II diabetes. For 
example, Wnt protein signalling inhibitors of the present 
invention may be provided in a combined amount with an 
effective amount another agent that is known to reduce tumor 
S17C. 

0160. It is contemplated that combination therapy of the 
present invention may be used in vitro or in vivo. These 
processes may involve administering the agents at the same 
time or within a period of time wherein separate administra 
tion of the substances produces a desired therapeutic benefit. 
This may be achieved by contacting the cell, tissue, or organ 
ism with a single composition or pharmacological formula 
tion that includes two or more agents, or by contacting the cell 
with two or more distinct compositions or formulations, 
wherein one composition includes one agent and the other 
includes another. 

0161 The compounds of the present invention may pre 
cede, be co-current with and/or follow the other agents by 
intervals ranging from minutes to weeks. In embodiments 
where the agents are applied separately to a cell, tissue or 
organism, one would generally ensure that a significant 
period of time did not expire between the time of each deliv 
ery, such that the agents would still be able to exert an advan 
tageously combined effect on the cell, tissue or organism. For 
example, in Such instances, it is contemplated that one may 
contact the cell, tissue or organism with two, three, four or 
more modalities Substantially simultaneously (i.e., within 
less than about a minute) as the candidate Substance. In other 
aspects, one or more agents may be administered about 1 
minute, about 5 minutes, about 10 minutes, about 20 minutes 
about 30 minutes, about 45 minutes, about 60 minutes, about 
2 hours, about 3 hours, about 4 hours, about 5 hours, about 6 
hours, about 7 hours about 8 hours, about 9 hours, about 10 
hours, about 11 hours, about 12 hours, about 13 hours, about 
14 hours, about 15 hours, about 16 hours, about 17 hours, 
about 18 hours, about 19 hours, about 20 hours, about 21 
hours, about 22 hours, about 22 hours, about 23 hours, about 
24 hours, about 25 hours, about 26 hours, about 27 hours, 
about 28 hours, about 29 hours, about 30 hours, about 31 
hours, about 32 hours, about 33 hours, about 34 hours, about 
35 hours, about 36 hours, about 37 hours, about 38 hours, 
about 39 hours, about 40 hours, about 41 hours, about 42 
hours, about 43 hours, about 44 hours, about 45 hours, about 
46 hours, about 47 hours, about 48 hours, about 1 day, about 
2 days, about 3 days, about 4 days, about 5 days, about 6 days, 
about 7 days, about 8 days, about 9 days, about 10 days, about 
11 days, about 12 days, about 13 days, about 14 days, about 
15 days, about 16 days, about 17 days, about 18 days, about 
19 days, about 20 days, about 21 days, about 1, about 2, about 
3, about 4, about 5, about 6, about 7 or about 8 weeks or more, 
and any range derivable therein, prior to and/or after admin 
istering the candidate Substance. 
0162 Various combination regimens of the agents may be 
employed. Non-limiting examples of Such combinations are 
shown below, wherein a Wnt protein signalling inhibitor is 
'A' and a second agent, Such as an anti-cancer agent, is “B”: 
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ABAB, ABBBAAAABABBBAAABBBBABB 
BBBAB.BABAABBAB, ABAB.BABBAA 
BAB, ABAABAAABBAAAABAAAABA 

0163 A. Anti-Cancer Therapy 
0164. An anti-cancer agent may be used in combination 
therapy with Wnt protein signalling inhibitors of the present 
invention. As used herein, an “anti-cancer agent is capable of 
negatively affecting cancer in a Subject, for example, by kill 
ing one or more cancer cells, inducing apoptosis in one or 
more cancer cells, reducing the growth rate of one or more 
cancer cells, reducing the incidence or number of metastases, 
reducing tumor size, inhibiting tumor growth, reducing the 
blood Supply to a tumor or one or more cancer cells, promot 
ing an immune response against one or more cancer cells or a 
tumor, preventing or inhibiting the progression of a cancer, or 
increasing the lifespan of a subject with a cancer. Anti-cancer 
agents are well-known in the art and include, for example, 
chemotherapy agents (chemotherapy), radiotherapy agents 
(radiotherapy), a Surgical procedure, immune therapy agents 
(immunotherapy), genetic therapy agents (gene therapy), 
reoviral therapy, hormonal therapy, other biological agents 
(biotherapy), and/or alternative therapies. 
(0165 B. Osteopetrosis Therapy 
0166 Osteopetrosis, also known as marble bone disease 
and Albers-Schonberg disease, is an extremely rare inherited 
disorder whereby the bones harden, becoming denser, in con 
trast to the more prevalent osteomalacia, in which the bones 
soften. Bone marrow transplant therapy may be combined 
with administration of Wnt protein signalling inhibitors of the 
present invention to treat or prevent osteopetrosis. Other 
treatments targeting osteopetrosis that may be combined with 
Wnt protein signalling inhibitors described herein include 
those disclosed in the following documents, each of which is 
incorporated herein by reference: U.S. Pat. Nos. 7.241,732: 
7,186,683; 6,943,151; 6,833,354; 6,699,873; 6,686,148: 
5,806,529; 5,777, 193; RE35,694; 5,641,747; and 4,843,063. 
0.167 C. Degenerative Disease Therapy 
0.168. As discussed herein, degenerative diseases may be 
treated using Wnt protein signalling inhibitors of the present 
invention. Accordingly, other treatments that target degenera 
tive diseases may be combined with administration of the Wnt 
protein signalling inhibitors. Non-limiting examples of 
degenerative diseases include type II diabetes and age-related 
impairment of tissue repair. 
(0169. 1. Type II Diabetes Therapy 
0170 Type II diabetes is a chronic, progressive disease 
that has no clearly established cure. It is a metabolic disorder 
that is primarily characterized by insulin resistance, relative 
insulin deficiency and hyperglycemia. Treatment options that 
may be combined with Wnt protein signalling inhibitor 
administration include exercise, diet management to control 
the intake of glucose, and use of anti-diabetic drugs (e.g., 
metformin, phenformin, repaglinide, nateglinide, rosiglita 
Zone, pioglitaZone or miglitol). 
0171 2. Age-Related Impairment of Tissue Repair 
Therapy 
0172 A variety of tissues degenerate over time as one 
ages, such as skeletal muscle and organ tissues (e.g., heart, 
kidney, lung and liver). Wnt protein signalling inhibition has 
been implicated in, for example, muscle regeneration (Brack 
et al., 2007). Therapies pertaining to age-related impairment 
of tissue repair that may be combined with Wnt protein sig 
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nalling inhibitor administration include, for example, gene 
therapy, such as described by Barton-Davis et al. (1998: 
incorporated herein by reference) and drugs described by 
Lynch (2004; incorporated herein by reference). 

VII. EXAMPLES 

0173 The following examples are included to demon 
strate certain preferred embodiments of the invention. It 
should be appreciated by those of skill in the art that the 
techniques disclosed in the examples which follow represent 
techniques discovered by the inventor to function well in the 
practice of the invention, and thus can be considered to con 
stitute preferred modes for its practice. However, those of 
skill in the art should, in light of the present disclosure, 
appreciate that many changes can be made in the specific 
embodiments which are disclosed and still obtain a like or 
similar result without departing from the spirit and scope of 
the invention. 

Example 1 

Materials and Methods 

0.174 Reagents. Antibodies purchased from the following 
sources: Santa Cruz, Biotechnology (Myc-9E10), Bethyl 
Laboratories (Human IgGFc), Cell Signaling Technology 
(Dv12, Lrp6-C5C7, p.Jnk Thr183/Tyr185), and Sigma 
(Kif3a). The University of Texas Southwestern Medical Cen 
ter chemical library is assembled from ChemDiv, Chem 
Bridge, ComGenex, Prestwick, and TimT3k collections. C16 
()-alkynyl fatty acid (alkynyl-PA) was synthesized as previ 
ously described (Gao et al., 2011). Biotin-azide and buffers 
required for click chemistry were purchased from Invitrogen. 
Membrane fractionation buffer made from 10 mM HEPES, 
10 mM KC1, 1.5 mM MgCl, 1 mM Na-EDTA, and 250 mM 
sucrose in water, pH 7.4 Membrane solubilization buffer con 
sisted of 100 mM MES, 20 mM NaCl, 1 mM DTT, 0.2 mM 
EDTA, 0.05% TX-100, 0.2% glycerol and 0.15% octylglu 
coside, pH 6.5. PL buffer contained 10 mM Tris-HCl, 150 
mM NaCl, pH 7.5. pCMV-GLuc control plasmid from New 
England Biolabs. Hhat and Goat constructs were a generous 
gift from Mike Brown and Joe Goldstein. To generate Gaus 
sia luciferase (GL) fusion proteins, GL lacking its signaling 
sequence was cloned into pcDNA3.1 and then cDNAs encod 
ing various Wnt proteins subsequently ligated inframe. PCR 
based site directed mutagenesis was used to generate Porcin 
H335L. 

0175 Luciferase reporter assays. Wnt-Gaussia luciferase 
secretion and SuperTopFlash assays were conducted as 
described using a Dual Luciferase kit (Promega) (Chen et al., 
2009). 
0176 Flow cytometry. The indicated constructs were 
introduced into Cos 1 or HEK293 cells via Fugene6 transfec 
tion (Roche), 6 well format, and expressed for 48 hours. New 
media containing 100 nM IWP-Cy3 and an IWP (15 mM) or 
DMSO was added for 12 hours. Following 3xPBS washes, 
cells were trypsinized, pelleted, resuspended in cold PBS, and 
kept on ice. The gate for IWP-Cy3 positive cells was defined 
as the region excluding the bulk population in cells trans 
fected with control DNA. The gate for IWP-Cy3 cells was 
defined as the region excluding the bulk population of cells 
labeled in control DNA transfected cells. Cells diverging 
from the SSC/FSC primary population were excluded from 
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analysis. Flow cytometry was carried out with a FACS Cali 
bur (BD Biosciences) and data analyzed on Cell Quest Pro 
(BD Biosciences). 
(0177 Click chemistry. HEK293 cells transiently trans 
fected with the Wnt3A-Fc DNA expression construct were 
treated with C16 co-alkynyl fatty acid (see Reagents: 100 uM 
final concentration) for six hours as previously described (9) 
in the presence or DMSO or various IWP compounds. C16 
()-alkynyl fatty acid-labeled Wnt3A-Fc protein isolated from 
cell lysate using Protein A Sepharose was then Subjected to a 
copper catalyzed alkyne-azide cycloaddition with biotin 
azide with protein immobilized on the Sepharose. The bioti 
nylated Wnt protein run on SDS PAGE was detected using 
HRP conjugated streptavidin. 
0.178 Organotypic kidney culture. E11.5 urogenital sys 
tems were removed and bisected insterile phosphate buffered 
saline (PBS) and then the individual halves were cultured in 
350 mL of media at the air-media interface on 24-well tissue 
culture treated, 6.5 mm diameter, 8.0 mM pore size Transwell 
filters (Corning, catalog no. 3422). The media (DMEM with 
10% fetal bovine serum (FBS) and Pen/Strep) was supple 
mented with either DMSO or IWP2 and replaced with fresh 
media every 12, 24, or 48 hours. All treatments were repeated 
at least three times with a minimum of six individual kidneys 
from six distinct embryos each time. 
0179 Zebrafish studies. All Zebrafish experiments were 
performed in accordance to regulatory standards as accepted 
by the Institutional Animal Care and Use Committee 
(IACUC) at the University of Texas Southwestern Medical 
Center. To determine a comparable concentration of IWP12 
and IWR1 in zebrafish, 7X TCFsiam:EGFP embryos at 4 
hours after fertilization, expressing EGFP under the control 
of seven TCF binding elements and a siamois minimal pro 
moter were incubated with E3 medium (5 mM NaCl, 0.17 
mM KC1, 0.33 mM CaCl, 0.33 mM MgSO) containing 
DMSO, IWR1, IWP12, and/or GSK3 B inhibitor 1 (Calbio 
chem) for 20 hours and subsequently EGFP signals quantified 
by measuring pixel density from the embryo pictures. Three 
different pictures of the embryos were taken and the pixel 
numbers were measured by Image.J software. For caudal fin 
regeneration assay, Zebrafish larvae at 3 days after fertiliza 
tion were anaesthetized in 0.02% (v/v) Tricaine, and half of 
the fins resected using a razorblade. Subsequently, the larvae 
were reared at 28 C in E3 medium containing DMSO or 
IWR1 (10 uM) or IWP-12 (50 uM) for an additional 4 days. 
Wholemount in situ hybridization was performed at 10 hours 
after fertilization with digoxigenin-labeled antisense RNA 
probes generated against d1X3b, int1, and cts11b/hgg1. 
Whole-mount in situ hybridization was performed at 24 hours 
after fertilization with engla. Primers used for generating in 
situ probes: 

clx3b forward: 
(SEQ ID NO: 1) 

5 - CAACA GAGGGAGTGTGAGAAAGC 

clx3b reverse : 
(SEQ ID NO: 2) 

s' - AACCTCGCCGTTCTTGTAAAGC 

ntil forward: 
(SEQ ID NO : 3) 

5 - GAATGAAGAGATTACCGCTCTG 
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- Continued 

ntil reverse : 
(SEQ ID NO : 4) 

5 - CCAAGATCAAGTCCA TAACTGC 

ctsl1b/ (hgg1) forward: 
(SEO ID NO; 5) 

s" - TGATGTTTGCTTTGCTCGTCAC 

ctsl1b/ (hgg1) reverse: 
(SEQ ID NO : 6) 

5 - GAACTGTAGGGATTGATGTGATGC 

eng1 a forward: 
(SEO ID NO: 7) 

5 - GGAGGGCAGGACTGATCTCTG 

eng1 a reverse: 
(SEQ ID NO: 8) 

5 - GCGTAATATAGGCTACAACACC 

0180. Zebrafish embryonic cell cultures were initiated 
from embryos at the shield stage (6 hpf). The embryos were 
dissociated in trypsin/EDTA Solution with gentle homogeni 
Zation and pipetting. After centrifugation, the collected cells 
were resuspended in F12/L15/DMEM medium and placed 
into a 24-well tissue culture plate. 

Example 2 

Results 

0181. To better understand the interaction between IWP 
compounds and Porcin, the inventors generated a fluores 
cently labeled reagent based on the IWP2 molecule (IWP 
Cy3; FIG. 1A: FIG. 6) that enabled detection of IWP com 
pound association with Porcin-expressing cells (FIG. 1B). 
Cells expressing Porcin-related MBOAT family members 
(Goat or Hhat) were not labeled with IWP-Cy3 suggesting a 
direct interaction between IWP2 and Porcin. Consistent with 
this model, an inactive Porcin protein harboring a mutation in 
a highly conserved and presumed active-site residue was 
unable to bind to IWP-Cy3 (FIGS. 1C-D: FIGS. 7A-B) (Bar 
rott et al., 2011; Galli et al., 2007). Using click chemistry 
technology, the inventors confirmed that IWP2 disrupts Wnt 
protein acylation (FIG. 2A). They also demonstrated that 3 
IWP2 does not block fatty acylation of the related Hh signal 
ing molecule mediated by Hhat, another MBOAT family 
member (FIG. 2B). Furthermore, the inventors have previ 
ously demonstrated that IWP2 does not block general protein 
secretion or cellular responses mediated by the Hh and Notch 
proteins (Chen et al., 2009). 
0182. The transport of Wnt proteins through the secretory 
pathway relies upon the chaperone protein Wnt1ess (W1s) 
which binds only to Wnt proteins lipidated on a conserved 
serine residue (Coombs et al., 2010: Herr and Basler, 2012). 
Using in vitro cultured embryonic kidney tissue derived from 
Wnt1-GFP expressing transgenic mice, the inventors demon 
strated that IWP2 can block the accumulation of Wnt1 on the 
cell Surface and concomitantly disrupt tubule induction, a 
Wnt/B-catenin-dependent process (Merkelet al., 2007) (FIG. 
3A). The addition of IWP2 to cells expressing one of several 
Wnt proteins, including those unable to elicit Wnt/B-catenin 
pathway response, abrogated the accumulation of Wnt pro 
teins in the cell culture medium consistent with a general role 
for Porcin in the production of Wnt proteins (FIG. 3B). The 
inventors demonstrated that this blockade in protein matura 
tion correlates with loss of non-canonical Wnt activity using 
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an assay that measures Wnt5a-dependent antagonism of 
canonical Wnt pathway response (Lee et al., 2010) (FIG.3C). 
Additionally, activation of the non-canonical Wnt pathway 
effector Jnk in fibroblasts is disrupted by IWP2 (FIG. 3D). 
Taken together, these observations Support a general role for 
lipidation in the maturation of Wnt family members and the 
utility of IWP2 for interrogating diverse forms of Wnt-medi 
ated cellular responses. The same chemical library Screen that 
yielded IWP2 also uncovered ~50 other molecules with 
potential activity against Wnt protein production (Chen et al., 
2009). In addition to previous studies demonstrating that all 
of these compounds exhibit activity for Wnt-but not Hh- or 
Notch-dependent signaling (Chen et al., 2009), the inventors 
biochemically validated the Wnt-inhibitory activity of these 
chemicals in HeLa cells that exhibit elevated levels of cell 
autonomous Wnt signaling (Jacob et al., 2011) (FIG. 4A). 
With the exception of five compounds, all other putative Wnt 
inhibitors blocked Wnt-induced phosphorylation of DV1, a 
signaling molecule directly activated by the Frizzled family 
of Wnt receptors (Gao and Chen, 2010) (FIG. 4B: FIG. 8). 
0183 Organizing the top twelve compounds based upon 
their similarity to IWP2 (or otherwise shared chemical scaf 
folds) revealed four distinct chemical classes capable of spe 
cifically inhibiting Wnt/B-catenin transcriptional response 
(see Chen et al., 2009) by targeting a component functioning 
upstream of Dv1, presumably at the level of Wnt protein 
production (FIG. 4C, FIG.9). Representative molecules from 
the different classes, which are structurally distinct from 
IWP2 class compounds, likely function as Porcin inhibitors 
given their ability to inhibit Wnt fatty acylation as determined 
using the click chemistry strategy, and to compete with IWP 
Cy3 binding for Porcin (FIGS. 4D-E). 
0.184 Thus, these diverse chemical structures likely 
engage the same protein pocket in Porcinto disrupt its activity. 
Despite earlier Successes in achieving chemical targeting of 
Wnt/-catenin signaling in Zebrafish using the IWR class of 
Tankyrase inhibitors (Chen et al., 2009: Huang et al., 2009), 
the inventors were previously unable to demonstrate similar 
activity using Porcin inhibitors, possibly as a result of poor 
bioavailability. Evaluating the ability of several new IWP 
compounds to inhibit in vivo Wnt-mediated response using a 
transgenic Zebrafish line harboring a Wnt-responsive GFP 
reporter (7XTCF-siam:EGFP. E. Moro et al., unpublished), 
the inventors uncovered a loss of Wnt signaling activity in 
animals treated with IWP12 (FIG. 5A; FIG. 10). Cultured 
embryonic fibroblasts from the same transgenic line also 
revealed loss of Wnt/B-catenin pathway responses when 
treated with an IWR compound or IWP12 (FIG. 5B). 
0185. Accordingly, IWP12 was furtherable to blockjuve 
nile fish tailfin regeneration following resection, a Wnt/B- 
catenin pathway-dependent process (Chen et al., 2009; Sto 
ick-Cooper et al., 2007) (FIG. 5C). The weaker Wnt/B- 
catenin signaling inhibitory activity observed with IWP12 as 
compared to IWR1 was nevertheless associated with a severe 
effect on posterior body morphogenesis, possibly signifying 
additional effects of Porcin disruption on non-canonical Wnt 
signaling (Marlow et al., 2004) (see FIG. 5A). Whereas the 
role of Wnt lipidation during Wnt/B-catenin signaling is well 
validated, its contribution to B-catenin-independent Wnt cel 
lular responses is unclear (Biechele et al., 2011). Based on the 
in vitro and in vivo results, the inventors anticipated that 
IWP12 may be useful for studying these other forms of Wnt 
signaling in vivo. Indeed, IWP 12 was able to block conver 
gence and extension gastrulation movements, a process 
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dependent upon Wnt-planar cell polarity (Wnt/PCP) signal 
ing (Roszko et al., 2009; Sepich et al., 2011) (FIG. 5D). This 
defect was not rescued by the addition of a Gsk3.f3 inhibitor 
(Gsk33 inhibitor 1 or Gsk3 fi-1), amolecule that blocks 
3-catenin destruction and reverses the effects of IWP12 on 
Wnt/B-catenin pathway activity (FIG. 5E). These observa 
tions taken together are consistent with a biosynthetic role for 
Wnt protein lipidation and B-cateninindependent Wnt-medi 
ated development processes. 
0186. In addition to the complexities of phenotypic analy 
sis associated with overlapping roles of various genes in 
B-catenin-dependent and -independent Wnt signaling, the 
presence of multiple Wnt proteins in vertebrates has limited 
the ability to recognize Wnt functions in developmental pro 
cesses. The inventors demonstrated the utility of a chemically 
based approach to reveal a role for Wnt-dependent signaling 
in midbrain/hindbrainboundary (MHB) formation, a process 
previously shown to be coordinated by three Wnt proteins 
with overlapping functions—Wnt1, Wnt3A, and Wnt10B 
(Buckles et al., 2004). Similar to animals lacking all three 
genes that fail to develop the MHB constriction, embryos 
treated with IWP12 exhibited decreased expression of the 
MHB marker Engrailed (engla) (Ekker et al., 1992) (FIG. 
5F). The inventors anticipate that additional functions of this 
large family of signaling molecules in Vertebrate develop 
ment could be readily uncovered by limiting the influence of 
gene redundancy on phenotypic outcome using this chemi 
cally based strategy. 

Example 3 

Discussion 

0187. The present study reveals Porcn to be a chemical 
Vulnerability in multiple Wnt signaling processes including 
those governing B-catenin-independent events such as Wnt/ 
PCP signaling. This vulnerability forms the basis of a chemi 
cal strategy described herein for probing the participation of 
different forms of Wnt signaling in vivo. These Porcin inhibi 
tors combined with Tnks and Gsk3? antagonists should 
facilitate the systematic identification of Wnt-dependent cel 
lular processes invertebrate embryogenesis and tissue regen 
eration not readily achievable with classical genetic 
approaches. 
0188 The shared sensitivity of Wnt proteins that mediate 
different cellular responses to Porcin inhibitors are consistent 
with previous findings that implicate Porcin activity to be 
essential to the production of most if not all Wnt proteins 
(Bartscherer and Boutros, 2008; Port and Basler, 2010). Fur 
thermore, this observation Suggests that the Wnt chaperone 
Wls, which binds to fatty acylated Wnt proteins, is similarly 
required for the production of most if not all Wnt proteins. 
Yet, the dependence of individual Wnt activities upon Porcin 
may vary as a consequence of differences in: a) the ligand 
dose required to engage cellular responses, b) the determi 
nants that promote ER retention of non-acylated Wnt pro 
teins, and c) the participation of other acyltransferases that 
modify Wnt proteins. These possibilities may in part contrib 
ute to previously observed differences in assignment of Porcin 
function to various Wnt-dependent processes (Barrott et al., 
2011; Biechele et al., 2011; Chen et al., 2012). Evidence that 
at least Some Wnt proteins may also harbor monounsaturated 
fatty acid modifications Suggests that specific Wnt functions 
may also be dictated by a complex fatty acyl code that could 
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be better understood with the aid of the chemical tools 
described here (Takada et al., 2006; Mulligan et al., 2012). 
0189 Porcin exhibits an ability to accommodate diverse 
chemical inhibitors, potentially indicating an abundance of 
opportunities for the refinement of IWP compounds as 
chemical probes and therapeutic agents. Given that crystal 
lographically guided clinical development of Small mol 
ecules will not likely be forthcoming for Porcin inhibitors due 
to the polytopic nature of Porcin, the chemical portfolio 
described here should improve the understanding of how 
these molecules achieve Porcin inhibitory activity and how 
they can be evolved for clinical use. Porcin is a founding 
member of a large protein family with roles in the production 
of other important signaling molecules such as the cell-fate 
determination molecule Hedgehog and the appetite-control 
ling hormone Ghrelin (Yang et al., 2008; Buglino and Resh, 
(2008). Thus, these findings should also facilitate the devel 
opment of Small molecules targeting other important signal 
ing processes relevant to disease. 
0.190 All of the methods and apparatuses disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
described interms of preferred embodiments, it will be appar 
ent to those of skill in the art that variations may be applied to 
the methods and apparatuses and in the steps or in the 
sequence of steps of the methods described herein without 
departing from the concept, spirit and scope of the invention. 
More specifically, it will be apparent that certainagents which 
are both chemically and physiologically related may be Sub 
stituted for the agents described herein while the same or 
similar results would beachieved. All such similar substitutes 
and modifications apparent to those skilled in the art are 
deemed to be within the spirit, scope and concept of the 
invention as defined by the appended claims. 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs SEQUENCE: 1 

caacagaggg agtgtgagaa agc 

<21 Os SEQ ID NO 2 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs SEQUENCE: 2 

aacct cqc.cg ttcttgtaaa go 

<21 Os SEQ ID NO 3 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic primer 

<4 OOs SEQUENCE: 3 
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gaatgaagag attaccgctic ty 

SEQ ID NO 4 
LENGTH: 22 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic primer 

SEQUENCE: 4 

c caagat caa gtc cataact gc 

SEO ID NO 5 
LENGTH: 22 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic primer 

SEQUENCE: 5 

tgatgtttgc tittgct cqtc ac 

SEQ ID NO 6 
LENGTH: 24 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic primer 

SEQUENCE: 6 

gaactgtagg gattgatgtg atgc 

SEO ID NO 7 
LENGTH: 21 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic primer 

SEQUENCE: 7 

ggagggcagg actgat ct ct g 

SEQ ID NO 8 
LENGTH: 22 

TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Synthetic primer 

SEQUENCE: 8 

gcqtaatata ggctacaa.ca cc 
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1. A method of inhibiting Wnt protein signalling in a cell 
comprising administering to the cell an effective amount of a 
compound of the formula: 

(II) 
HN CN 

/ \ R1, 

S CN 

O 

wherein: 
R is alkylcs) or substituted alkylcs; and 
Rio is arylos Substituted arylcs, heterocycloalkylos) 

or substituted heterocycloalkyls: 

(III) 

N N 
21 21 

O 

O O ( , 
O 

(IV) 

N-N 

f N 

wherein R2 is alkoxycs. Substituted alkoxycs, acylcs 
substituted acylcs, heterocycloalkyls or substituted 
heterocycloalkylcs: 

R3 
O R4 

Ol lu O O N 
H 

2 

Rs 

wherein: 
Rs is acylcs. Substituted acylcs, heterocycloalkylos) 

or substituted heterocycloalkyls: 
Ra is hydrogen, alkylcs) or substituted alkylos); and 
Rs alkylcs) or Substituted alkylos): 

(V) 
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(VI) 

CF 

(VII) 

O 

(VIII) 

O 
Nu. 

C O --CC CH: 
S N O 

H 

o-NH CH3 

(IX) 

O N-S 

*\--N-suls -- \ / 21 N 
HC N 

N 
CN 

CH3 

(X) 

O 

Rs 
S N1 

2 N N 

rise 
O S 

R7: 

wherein: 

Ro is hydrogen, alkyls, or substituted alkyls: 
R7 is hydrogen, alkylcs) or substituted alkylcs; and 
Rs is alkylos). Substituted alkylos, arylos), or substi 

tuted arylcs): 
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(XI) 

O 

c 1 - - 2 N 

r 
O 

R9: 

wherein: 

Ro is acylcs. Substituted acylcs, alkylcs. Substituted 
alkylcs, heterocycloalkylos or substituted hetero 
cycloalkylos); or 

co 
or a pharmaceutically acceptable salt or tautomer thereof. 

(XII) 

2. The method of claim 1, wherein the compound is further 
defined as a compound of formula II or a pharmaceutically 
acceptable salt or tautomer thereof. 

3. The method of claim 2, wherein the compound is further 
defined as: 

HN CN 

CH or 
/ \ 
o CH3 

O 
HN CN 

CH A \ 3 
o H3C 

or a pharmaceutically acceptable salt or tautomer thereof. 
4. The method of claim 1, wherein the compound is further 

defined as a compound of formula IV or a pharmaceutically 
acceptable salt or tautomer thereof. 
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5. The method of claim 4, wherein the compound is further 
defined as: 

CH3 

or a pharmaceutically acceptable salt or tautomer thereof. 
6. The method of claim 1, wherein the compound is further 

defined as a compound of formula V or a pharmaceutically 
acceptable salt or tautomer thereof. 

7. The method of claim 6, wherein the compound is further 
defined as: 

N 
O CH 

N 
H 

2 

CH3 
O 

Ho1 No O CH3 
1suo O O or N 

H 

21 

CH3 
O 

Ho1 No O CH 

1-0 O. O N 
H 

21 

CH 

or a pharmaceutically acceptable salt or tautomer thereof. 
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8. The method of claim 1, wherein the compound is further 
defined as a compound of formula X or a pharmaceutically 
acceptable salt or tautomer thereof. 

9. The method of claim 8, wherein the compound is further 
defined as: 

e. 
CH3, 

CH O 

s--- 
HC H 

2 N N 

N s^ Y. 
O S , or 

O 

CH S 3 N1 
H3C H 

2 N N 

N - Y 
O S 

CH 

or a pharmaceutically acceptable salt or tautomer thereof. 
10. The method of claim 1, wherein the compound is fur 

ther defined as a compound of formula XI or a pharmaceuti 
cally acceptable salt or tautomer thereof. 

11. The method of claim 10, wherein the compound is 
further defined as: 
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-continued 

occu 
or a pharmaceutically acceptable salt or tautomer thereof. 

12. The method of claim 1, wherein the compound is 
selected from formulas III, VI-IX and XII or a pharmaceuti 
cally acceptable salt or tautomer thereof. 

13. The method of claim 1, wherein the administering is 
performed in vitro. 

14. The method of claim 1, wherein the administering is 
performed in vivo. 

15. The method of claim 1, wherein the method of inhib 
iting Wnt protein signalling is further defined as a method of 
inhibiting Wnt response. 

16. The method of claim 1, wherein the method of inhib 
iting Wnt protein signalling is further defined as a method of 
inhibiting Wnt protein production. 

17. The method of claim 1, further comprising administer 
ing to said cell an inhibitor of a Tankyrase enzymes and/or a 
inhihitor of GSK-3?. 

18. A method of treating cancer in a subject comprising 
administering to the Subject an effective amount of a com 
pound of the formula: 

(II) 

wherein: 

R is alkylcs) or substituted alkylcs); and 
Rio is aryles. Substituted arylcs, heterocycloalkylcs 

or substituted heterocycloalkyls: 

(III) 

21 21 

I 
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-continued 
(IV) 

wherein R2 is alkoxycs. Substituted alkoxycs, acylcs 
Substituted acylcs, heterocycloalkylcs) or substituted 
heterocycloalkylcs: 

R3 
O R4 

Ol -- O O N 
H 

2 

Rs 

wherein: 

(V) 

Rs is acylcs. Substituted acylcs, heterocycloalkylos) 
or substituted heterocycloalkyls: 

Ra is hydrogen, alkylcs) or substituted alkylos); and 
Rs alkylcs) or Substituted alkylos): 

(VI) 

CF 

C 

O 
A. 
n 
N N O H r Nu 

O 

(VIII) 

C O 

O --O YCH: 
s N O 

H 

o-NH CH3 
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-continued 
(IX) 

O N-S 

H3C N-suls-- 21 N N s 

HC H 

N CN 

O 
CH3 

(X) 

O 

Rs 
S N1 

R6 H 
2 N N 

N - Y. 
O S 

R7: 

wherein: 

Ro is hydrogen, alkylos, or substituted alkylcs: 
R7 is hydrogen, alkylcs) or substituted alkylcs; and 
Rs is alkylcs. Substituted alkylos, aryles, or substi 

tuted arylcs): 

(XI) 
O 

S 
N 

c H 2 N 

N s^ 
O 

R9; 

wherein: 

Ro is acylos. Substituted acylcs, alkylos Substituted 
alkyls heterocycloalkyls or substituted hetero 
cycloalkylos); or 

co 
or a pharmaceutically acceptable salt or tautomer thereof. 

19-34. (canceled) 

(XII) 
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35. A method of treating or preventing osteopetrosis in a 
patient comprising administering to the patient an effective 
amount of a compound of the formula: 

(II) 
HN CN 

4 \ R1, 

S CN 

O 

wherein: 

R is alkyls or substituted alkyls: and 
Rio is arylos Substituted arylcs, heterocycloalkylos) 

or substituted heterocycloalkyls: 

(III) 

21 21 

N N 

O | O 

(IV) 
N-N 

| N f 

wherein R is alkoxyces. Substituted alkoxyces acyl 
(cs. Substituted acylcs, heterocycloalkylcs) or Sub 
stituted heterocycloalkylcs: 

R3 
O R4 

Ol -- O O N 
H 

21 

Rs 

(V) 

Jun. 11, 2015 

wherein: 

Rs is acylcs. Substituted acylcs, heterocycloalkylcs 
or substituted heterocycloalkyls: 

Ra is hydrogen, alkylcs) or substituted alkylcs; and 
Rs alkylcs) or Substituted alkylos): 

(VI) 

CF 

(VII) 

(VIII) 

O 
O YCH: 

(IX) 

N 
HC H 

N CN 

O 
CH 

(X) 

O 

R S 8 N1 

2 N N 

N S ~ Y. 
O S 

R7: 

wherein: 

Ro is hydrogen, alkyls, or substituted alkyls: 
R7 is hydrogen, alkyls or substituted alkyls: and 
Rs is alkylos). Substituted alkylos, arylos), or substi 

tuted arylcs): 
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(XI) 
O 

S 
N 

C H 2 N 

N s^ 
O 

R9: 

wherein: 
Ro is acylcs. Substituted acylcs, alkylcs. Substituted 
alkylcs, heterocycloalkylos or substituted hetero 
cycloalkylos); or 

co 
or a pharmaceutically acceptable salt or tautomer thereof. 

36-51. (canceled) 
52. A method of treating a degenerative disease in a patient 

comprising administering to the patient an effective amount 
of a compound of the formula: 

(XII) 

(II) 
HN CN 

/ \ R1, 

S CN 

O 

wherein: 
R is alkylcs) or substituted alkylcs; and 
Rio is aryles. Substituted aryles heterocycloalkylcs 

or substituted heterocycloalkyls: 

(III) 

21 2 

N S 

O 

32 
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-continued 
(IV) 

wherein R2 is alkoxycs. Substituted alkoxycs, acylcs 
substituted acyls heterocycloalkyls or substituted 
heterocycloalkylcs: 

(V) 
R3 

O R4 

Ol -- O O N 
H 

21 

Rs 

wherein: 

Rs is acylcs. Substituted acylcs, heterocycloalkylos) 
or substituted heterocycloalkyls: 

Ra is hydrogen, alkyls or substituted alkyls: and 
Rs alkylcs) or Substituted alkylcs: 

(VI) 

CF3 

O NN N 

C X-Cl le 
C NH N ( ) H 

HO ( ) 
C 

O 

4. 
ANN 
O H 

(VII) 

(VIII) 

O 
Nu. C O CH3: 

S N O 
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-continued 
(IX) 

O N-S 

H3C N S sus u X-( ) 2 N 
H3C N 

N CN 

O 
CH 

(X) 

O 

S N1 Rs 

2 N N 

N S ~ Y. 
O S 

R7: 

wherein: 

Ro is hydrogen, alkylos, or substituted alkylcs: 
R, is hydrogen, alkyls or substituted alkyls: and 
Rs is alkylos. Substituted alkylos, arylos, or Substi 

tuted arylcs): 

(XI) 
O 

S 
N 

C H 2 N 

N 1 
O 

R9: 

wherein: 

Ro is acylcs. Substituted acylcs, alkylcs. Substituted 
alkylcs, heterocycloalkylos or substituted hetero 
cycloalkylos); or 

co 
or a pharmaceutically acceptable salt or tautomer thereof. 

(XII) 

Jun. 11, 2015 

53-68. (canceled) 
69. A pharmaceutical composition comprising a pharma 

ceutically acceptable carrier, diluent, and/or excipient and a 
compound of the formula: 

(II) 
HN CN 

wherein: 

R is alkylcs) or substituted alkylcs); and 
Rio is aryles. Substituted arylcs, heterocycloalkylcs 

or substituted heterocycloalkyls: 

(III) 

N N 
21 21 

Cl --O O 

O- y | ( s -O S 

O 

(IV) 

f N 

wherein R2 is alkoxycs. Substituted alkoxycs, acylcs 
Substituted acylcs, heterocycloalkylcs) or substituted 
heterocycloalkylcs: 

R3 
O R4 

Ol -- O O N 
H 

2 

Rs 

wherein: 

(V) 

Rs is acylcs. Substituted acylcs, heterocycloalkylos) 
or substituted heterocycloalkyls: 

Ra is hydrogen, alkylcs) or substituted alkylcs; and 
Rs alkylcs) or Substituted alkylos): 
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(VI) 
CF 

O N 

7 N 
e 

C NH N 
H s 

HO ( ) 
(VII) 

C 

O 
A 
Sn 
A YN r H Nu 

O 

(VIII) 

C O 

O --O YCH: 
S N O 

H 

o-NH CH3 
(IX) 

O N-S 
HC N sus l M 21 N N 

H3C H 

N CN 

O 
CH3 

(X) 

O 

34 
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wherein: 

Ro is hydrogen, alkylos, or substituted alkylcs: 
R7 is hydrogen, alkyls or substituted alkyls: and 
Rs is alkylos). Substituted alkylos, arylos), or substi 

tuted arylcs): 

(XI) 
O 

C N 1 - - 2 N 

N - 
O 

R9: 

wherein: 

Ro is acylcs. Substituted acylcs, alkylcs. Substi 
tuted alkylcs, heterocycloalkylcs) or substituted 
heterocycloalkylcs); or 

(XII) 

co 
or a pharmaceutically acceptable salt or tautomer thereof. 

70-80. (canceled) 


